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1.0 INTRODUCTION 
 
The following briefly outlines pertinent geotechnical information regarding a General 
Reevaluation Report (GRR) for the American River Common Features (ARCF) Project. This 
report presents the results of geotechnical analyses and feasibility level geotechnical design 
recommendations to address levee height, geometry, erosion, access, vegetation, seepage, and 
slope stability deficiencies within the ARCF GRR study area.  
 
The project area includes portions of the Sacramento and American River Watersheds. The flood 
plain includes most of the developed portions of the City of Sacramento, the Natomas basin, and 
portions of Sacramento and Sutter Counties. The study area also includes other flood facilities, 
including the Fremont and Sacramento Weirs and Yolo Bypass. A Post Authorization Change 
Report (PACR) for the Natomas portion of the Common Features project and a Chief’s Report 
for the Natomas Post Authorization Change Report (NPACR) were completed in December 
2010. The remaining portion of the project, including potential Natomas Basin levee raises, is 
being addressed in this report. 
 
The ARCF GRR study area, shown in Figure 1-1, has been divided into three basins; Natomas, 
American River North, and American River South, which were further subdivided into study 
reaches. This report covers the following areas: 
 

• About 12 miles of the north and south banks of the American River  
• About 33 miles of the east bank of the Sacramento River 
• About 5 miles of the south bank of the Natomas Cross Canal (NCC) 
• About 3 miles of the Pleasant Grove Creek Canal (PGCC) 
• About 26 miles of the Natomas East Main Drainage Canal and tributaries (NEMDC) 

 
The ARCF GRR study area has been divided into three basins; Natomas, American River North, 
and American River South, which were further subdivided into study reaches. For the purposes 
of the feasibility planning process, the three study area basins were further subdivided into 
reaches based on common properties (both technical and non technical), such as geographic and 
geomorphic features. The levees in the American River North Basin have been divided into nine 
planning reaches; ARN A, B, C, D, E, F, G, H, and I. The levees in the American River South 
Basin have been divided into seven planning reaches; ARS A, B, C, D, E, F, and G. The levees 
in the Natomas Basin have been divided into nine planning reaches; NAT A, B, C, D, E, F, G, H, 
and I. 
 
The ARCF GRR is evaluating federal interest in alternatives to reduce flood risk in the study 
area. The ARCF GRR has identified several technical deficiencies associated with the flood risk 
management system protecting the study area. There are various alternatives under consideration 
to address these deficiencies and the geotechnical components of those alternatives are discussed 
and or evaluated in this report. The alternatives consist of a combination of structural measures 
to mitigate seepage, slope stability, erosion protection, and overtopping including the widening 
and construction of new levees on the Sacramento Bypass and Weir. 
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Figure 1-1: Study Area Map of the American River Common Features Project 
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2.0 GEOLOGY AND GEOMORPHOLOGY 
 
2.1 GEOLOGIC SETTING 
 
The ARCF GRR study area lies in the central portion of the Sacramento Valley which lies in the 
northern portion of the Great Valley Geomorphic Province of California. The Sacramento Valley 
lies between the northern Coast Ranges to the west and the northern Sierra Nevada to the east, 
and has been a depositional basin throughout most of the late Mesozoic and Cenozoic time. A 
large accumulation of sediments, estimated over two vertical miles in thickness in the 
Sacramento area, were deposited during cyclic transgressions and regressions of a shallow sea 
that once inundated the valley. This thick sequence of clastic sedimentary rock units was derived 
from adjoining easterly highlands erosion during the Late Jurassic period with interspersed 
Tertiary volcanics. They form bedrock units now buried in mid-basin valley areas. These 
bedrock units were covered by coalescing alluvial fans during Pliocene-Pleistocene periods by 
major ancestral west-flowing Sacramento Valley rivers (Feather, Yuba, Bear, and American). 
These rivers funneled large volumes of sediment into the Sacramento basin. Late Pleistocene and 
Holocene (Recent) alluvial deposits now cover low-lying areas. These deposits consist largely of 
reworked fan and stream materials deposited by meandering rivers prior to construction of 
existing flood control systems.  
 
The Sacramento River is the main drainage feature of the region flowing generally southward 
from the Klamath Mountains to its discharge point into the Suisun Bay in the San Francisco Bay 
area. Located in central northern California, the Sacramento River is the largest river system and 
basin in the state. The 27,000 square mile Sacramento River Basin includes the eastern slopes of 
the Coast Ranges, Mount Shasta, and the western slopes of the southernmost region of the 
Cascades and the northern portion of the Sierra Nevada. The Sacramento River, stretching from 
the Oregon border to the Bay-Delta, carries 31% of the state’s total runoff water. Primary 
tributaries to the Sacramento River include the Pit, McCloud, Feather, and American Rivers. 
Within the Sacramento area, the Sacramento and American Rivers have been confined by man-
made levees since the turn of the century. The confluence with the Sacramento River, only 20 
feet above sea level, is subject to tidal fluctuation although more than 100 miles north of the 
Golden Gate and San Francisco Bay. Within the study area, these levees were generally 
constructed on Holocene age alluvial and fluvial sediments deposited by the current and 
historical Sacramento River and its tributaries. Pleistocene deposits underlie the Holocene 
deposits. 
 
2.2 GEOMORPHOLOGY 
 
Prior to the late Pleistocene (10,000 to 30,000 years ago), the Sacramento River Basin 
depositional environment was influenced by a lowered base level due to sea levels as low as 400 
feet below present (Harden 1998). These lowered global sea levels would have had their greatest 
influence in present coastal areas such as the San Francisco Bay area, but based on interpretation 
of the depth to denser, coarser Pleistocene soils it is estimated that average river levels in this 
area could have been 50 to 60 feet below current levels. The rivers would have been 
characterized by high energy flow with greater downward erosion rather than deposition, and 
would have had greater capacity to carry and deposit sand and gravel deposits into the project 
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area. This older geomorphology is largely covered by the more recent (Holocene) sediments in 
the project area. The thick zone of materials deposited above the dense, older Pleistocene alluvial 
deposits are therefore less than 10,000 to 30,000 years old, which is reflected in these deposits 
consisting of very soft to firm clays and silts and abundant loose to medium dense sands. 
 
The filling of the Sacramento Valley with sediments following the rise in sea level to the current 
level has significantly reduced the gradient of the rivers flowing down from the Sierra Nevada 
and Klamath Mountains (including the Sacramento and American Rivers). This gradient 
reduction has caused the energy of these rivers to transition from erosional to graded. Graded 
rivers are characterized by downward erosion that is less dominant and more directed toward 
side-to-side movements than down-cutting. The lateral energy of a graded river causes 
synchronous erosion and deposition in sweeping bands commonly referred to as meanders. The 
outside of the meander is a zone of erosion. Material removed by the river at this zone is then 
deposited downstream as point bars in zones of decreased velocity on the inside of the 
subsequent meanders. In this way, the river migrates laterally across the flood plain. Often this 
erosion is slowed where the river encounters more resistant materials in the flood plain. This 
allows the next closest upstream meander to catch up and gradually erode away the “neck” 
between the two meanders. Flooding often accelerates this process as the higher energy flows 
can more easily cut a new thalweg (base of the active channel). The result of the conjoining 
meanders is the straightening of the river across the opening of the neck and the creation of an 
abandoned bend in the river, commonly referred to as an oxbow lake. 
 
2.3 HYDRAULIC MINING 
 
Hydraulic mining activity in the Sierra Nevada during the mid- to late-1800s supplied a 
substantial amount of sediment to many river channels draining the Sierra Nevada, which 
resulted in aggradation of the channels and flooding due to decrease in channel cross section 
area. Gold dredging and mining operations have destroyed some fluvial deposits and surfaces, 
confounding the understanding of the long-term geomorphic history. 
 
This phenomenon, coupled with a disastrous flood in 1862, prompted the channelization of the 
Sacramento and American Rivers and re-alignment of the American River to its present-day 
configuration, from the former confluence with the Sacramento River to about two miles 
upstream. It was hoped that these actions would provide flood control as well as stimulate the 
flushing of accumulated mining-derived sediment from the channel.  
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3.0 CONSTRUCTION HISTORY 
 
A mix of Federal, State, and local agencies have been involved in flood control project 
construction and operation since levees were first constructed in California in the mid-1800's. 
Since the creation of the State Reclamation Board (now the Central Valley Flood Protection 
Board or CVFPB) in 1911 and the authorization of the Sacramento River Flood Control Project 
(SRFCP) in 1917, most levee improvements have been first Federally authorized by Congress, 
then subsequently authorized by the State Legislature. 
 
The SRFCP was authorized by the Flood Control Act of 1917 (PL 64-367) as modified by the 
Acts of 1928, 1937, 1941 and 1950. Features of the SRFCP, in the study area, consisted of levees 
along the lower American River, NEMDC, Arcade and Dry (Linda) Creeks, PGCC, NCC, and 
Sacramento River improvements, including new and reconstructed levees. The American River 
Flood Control Project (ARFCP), authorized by the Flood Control Act of 1954 (PL 83-780), 
consisted of a levee along the north bank of the river, extending from the terminus of the SRFCP 
project levee near Cal Expo upstream about 8 miles to Carmichael Bluffs. The levee along the 
American River up to Mayhew Canal was enlarged in 1948. Bank protection was installed along 
the levee in 1951. The completed flood control system was documented in 1957 in a design 
memorandum, which included design water surface profiles. To this day, these are the profiles 
that govern the operation and maintenance requirements of the levee system. 
 
3.1 AMERICAN RIVER LEVEES 
 
The levees along the American River left bank were originally constructed in the late 1800s to 
early 1900s, likely using clamshell dredges with material sourced from the channel. The levees 
were then reconstructed on the left bank between 16th Street and Mayhew and on the north bank 
between NEMDC and Cal Expo with materials sourced from waterside borrow pits using 
scrapers, dozers, and compactors between 1947 and 1957. Waterside borrow material was used 
on the right bank of the American River from Carmichael Bluffs downstream to the upper end of 
the existing flood protection system near Cal Expo under the ARFCP in 1958. Figure 3-1 below 
represents a typical constructed levee section on the American River in the 1940’s through 
1950’s. 
 

 
Figure 3-1: American River Typical Section 1940-1960 

 
The ARCF Project was authorized by the WRDA 1996 and 1999 which included, seepage 
remediation and levee raising. Seepage remediation was completed by constructing a slurry 
cutoff wall to varying depths along the American River Right Bank Levee and Left Bank Levee 
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from the Mayhew Drain to the Sacramento River confluence. Due to restrictive site features, 
such as bridge and utility crossings, the cutoff wall was not constructed contiguously and gaps 
(windows) were left in the cutoff wall. 
 
3.2 SACRAMENTO RIVER WEST LEVEE (SOUTH OF AMERICAN RIVER) 
 
The levees along the Sacramento River south of the confluence with the American River were 
constructed by local interests using clamshell dredges excavating material from the Sacramento 
River in the early 1900’s, Figure 3-2. This method of construction usually resulted in loose, 
sandy fill material that is deepest below the center of the levee. The current materials within the 
levee embankment are predominantly sands, silty sands, and cohesionless materials. A setback 
levee at the Edwards Break and riverbank protection was constructed in 1937 and in 1939 the 
Edwards Break levee slope had been rebuilt. In 1941 the levee was enlarged in the vicinity of 
Richfield Oil Co. Numerous riverbank and levee waterside slope protection were constructed 
along the Sacramento east bank levee. Shown below is the Dredge Neptune placing material at 
RM 57.3 in 1942 during the Sacramento Bank Protection Project. 
 

 
Figure 3-2: Dredge Neptune at RM 57.3 in 1942 

 
Under the SUALRP levee improvements were constructed along the Sacramento River between 
the NCC and Freeport. This included slurry cutoff walls constructed in the early 1990s varying in 
depth from 17 to 30 feet from the levee crest and were intended to address through-seepage. The 
American River Common Features, Pocket Geotechnical Project constructed a deep cutoff wall 
using deep soil mixing (DSM) in 2006 varying from 107 to 110 feet from the levee crest which is 
intended to address under-seepage. The Sacramento River East Bank Levee Under-Seepage 
Remediation Project, Pocket and Little Pocket Areas constructed a deep-mix method (DMM) 
cutoff wall in 2005 varying from 91 to 112 feet from the levee crest. This project also 
constructed an under-seepage cutoff wall using the DMM at the Sump 132 105 feet in depth. 
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3.3 SACRAMENTO RIVER WEST LEVEE (FROM NCC TO AMERICAN RIVER) 
 
The levees protecting the Natomas Basin were constructed by a private mining and dredging 
company with the purpose of reclaiming and selling thousands of acres of farmland. The levees 
were constructed using large “clam shell” dredging machines. The work began in 1912 and was 
completed by the end of 1915. Based on typical construction schematics shown on basin-wide 
maps and historical literature, the levees along the Sacramento River were constructed in the 
following manner: 
 

• A dragline was used to excavate a trench about 6 to 12 feet deep along the centerline of 
the levee alignment. The trench bottom width ranged from about 12 to 28 feet. The 
excavated material was deposited along both sides of the trench forming two small 
containment dikes. 

• Hydraulic dredging operations placed material from the adjacent Sacramento River 
bottom into the excavation area between the dikes. This material consisted predominately 
of sands. 

• The final levee configuration was achieved by covering the dredged sand with the 
adjacent dike materials. These materials consisted predominately of silt, clay, and fine 
sand, Figure 3-3. 

 

 
Figure 3-3: Sacramento River Typical Levee Section, 1912-1915 

 
In 1991, between the Sacramento River and NCC confluence to Power Line Road, a drained 
stability berm was constructed to 10 feet in width extending to approximately half the levee 
height under the SUALRP. The berm was constructed over a drainage layer that extended as a 
chimney drain on the levee slope to prevent internal erosion due to seepage through the levee 
embankment. Filter fabric was placed between the drainage layer and the levee fill to preserve 
the functionality of the drainage layer. From Power Line Road to the confluence of the 
Sacramento and American rivers, an SCB cutoff wall was constructed to prevent through-
seepage and internal erosion within the levee under SUALRP in 1994. The slurry wall was 
constructed to depths between 25 and 45 feet below the levee crest. The wall is considered to be 
hanging, as the tip is not “keyed in” to a lower impervious clay layer of the foundation. 
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3.4 NATOMAS CROSS CANAL SOUTH LEVEE 
 
Construction on the south levee along the NCC began in 1909. The perimeter levees were 
constructed encompassing both RD 1000 and RD 1001 areas. In approximately 1912, clamshell 
dredgers were used to construct the drainage canal of what is now known as NCC between the 
two levee districts. Work was completed around 1914. 
 
The NCC was excavated across an area that was not a preexisting drainage alignment. The 
clamshell dredges excavated the alignment of NCC by floating upon the excavated borrow 
channel located near the waterside levee toe. As the dredgers heaped spoils up from the channel, 
they were shaped into a levee configuration using small scrapers. The waterside slope was 
roughly at 3H:1V and the landside slope was about 2H:1V. The crest width was reported as 20 
feet. A small core trench near the center of the embankment was also constructed, Figure 3-4. 
 

 
Figure 3-4: Natomas Cross Canal Typical Levee Section, 1912-1914 

 
3.5 NEMDC, PGCC, ARCADE CREEK AND DRY CREEK LEVEES 
 
The Natomas Company of California originally constructed the NEMDC and PGCC west levees 
from August 1912 to December 1914. A portion of the NEMDC levee was constructed using a 
clamshell dredge excavating from Steelhead Creek, but the majority of the NEMDC and PGCC 
west levees were constructed using horse-drawn excavators using material sourced from the 
channel. 
 
From 1954 through 1958 the USACE completed construction and enlargement (widening and 
strengthening) portions of the NEMDC, PGCC, Arcade Creek, and Dry Creek levees. Portions of 
the NEMDC (east and west bank) and PGCC levees were enlarged to between 20 and 12 feet 
wide at the crest by placing additional material on the waterside levee slope. The NEMDC and 
PGCC levees were constructed with 3:1 waterside and 2:1 landside embankment slopes. The 
south bank levee of Arcade Creek was widened to have a 20-foot crest and the north bank levee 
was constructed (with a 20-foot levee crest). The south levee of Dry (Linda) Creek was 
constructed (with a 20-foot crest width). The Arcade and Cry Creek levees were constructed with 
2:1 waterside and landside embankment slopes. The material was sourced from a waterside 
borrow trench that paralleled the levee alignment.  Figure 3-5 shows a typical section from the 
1958 enlargement of the NEMDC east levee. 
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Figure 3-5: NEMDC Typical Levee Section (East Bank), 1958 

 
SAFCA initiated construction of the North Area Local Project (NALP), in 1992 and completed 
work by 2001. Federal authorization occurred in 1993 under Section 9159 of the Defense 
Appropriation Act of 1993, as part Phase II of the Natomas Area Flood Control Improvement 
(NAFCI) Project of 1993, which was authorized by the SAFCA Board of Directors on April 28, 
1996. The project consisted of levee embankment and floodwall improvements on the NEMDC 
east and west levee, Arcade Creek north and south levee, and construction of the Dry Creek 
north levee (see Figure 3-6). 
 

 
Figure 3-6: Robla Creek Typical Levee Section, 2001 
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4.0 PAST PERFORMANCE 
 
The study area has experienced several large discharges in recorded history, the earliest was in 
1850 when the City of Sacramento was founded and another, larger, flood occurred in January 
1862, inundating and substantially damaging Sacramento. These flood events quickly spurred the 
construction of flood protection levees along many of the banks of the Sacramento River, as well 
as the cultural re-alignment of the American River in 1868. Additionally, a large flood in 1907 
breeched the eastern Sacramento River levee near present day Derick Way (known as the 
“Edwards Break”), with subsequent flooding of reclamation districts on the eastern side of the 
river south to the Delta. Additional flood events occurred in 1907, the middle of the century in 
1950 and 1955, and more recently in 1986 and 1997, despite the existence of the upstream 
Folsom Dam. At least eight large floods have occurred in the lower American and Sacramento 
River basins since Folsom Darn became operational, these occurred in 1955, 1963, 1964, 1969, 
1970, 1980, 1982, and 1986. The early floods spurred construction of flood control levees along 
the lower American River near Sacramento, and the recent floods tested the performance and 
capacity of the modern levee system.  
 
In February 1986 and January 1997, major storms in Northern California caused record flood 
flows on the Sacramento and American Rivers. Record high outflows from Folsom Dam and 
Reservoir, together with high flows in the Sacramento River, resulted in water levels rising 
above the design freeboard of levees protecting the Sacramento area. It is estimated that major 
sections of levees along the American and Sacramento rivers would likely have failed if the 
storms had lasted longer. These events caused undermining of the levee embankment and also 
washed away portions of the riverbank. Figure 4-1 below shows the erosion distress experienced 
on the American River as result of the 1986 event. Subsequently flood events in 1997, and late 
2005 to early 2006 each caused minor surficial erosion along the American River. 
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Figure 4-1: 1986 Erosion Distress on the American River South Bank Near I-80 

 
Flood events in 1986, 1997, and 2006 have also caused seepage at or near the landside levee toe 
as well as at distances of 2,500 to 4,000 feet landward. Seepage distress was experienced 
throughout the Sacramento River levee reaches. Further documentation including aerial 
photographs, and reports by landowners, detailed seepage boils as well as eroding and sloughing 
banks at locations of former channels and oxbows beginning in the late 1930’s. Flood fighting 
(see Figure 4-2) has occurred throughout the Sacramento River reaches in both 1986 and 1997 as 
a response to seepage and stability concerns. 
 

 
Figure 4-2: 1997 Flood Fighting on the Sacramento River in Natomas 
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5.0 GEOTECHNICAL REACH DESCRIPTION 
 
American River North Basin 
 
On the American River north bank (Reaches A and B), there is significant riparian habitat on a 
typically large waterside bench. In some areas, significant landside vegetation (mostly large 
trees) exists near the levee toe or on the levee slope. On the landside numerous encroachments 
include; fences at or near the landside levee toe, parking lots built, and residences. In Reach A 
the levee embankment is predominantly a silty sand to silt material constructed over a thick silt 
to silty sand blanket which is underlain by a poorly graded gravel aquifer. While in Reach B the 
levee embankment is predominantly a lean clay material constructed over a silt and lean clay 
blanket varying in thickness which is underlain by a silty sand and gravel aquifer. In both 
Reaches A and B a keyed in cutoff wall was constructed under WRDA 1996/1999 to mitigate 
underseepage. 
 
On the East Side Tributaries (Reaches C through H), there is sparse vegetation on the levee 
slopes and adjacent to the embankment. On the landside of the NEMDC (Reaches C and F) levee 
embankment a railroad embankment is adjacent to the levee. Along approximately half of the 
Reach E alignment a concrete lined ditch is located at the landside levee toe which is 
approximately 5 to 10 feet deep. The NEMDC (Reaches C and F) levee embankment varies from 
clay sand and silt to lean clay and silt material. A lean clay blanket of variable thickness is 
underlain by a silty sand and poorly graded sand aquifer. On Arcade Creek (Reaches D and E), 
the levee embankment is predominantly clayey sand, lean clay, and silt constructed over a thin 
lean clay and silt blanket underlain by a silty sand to poorly graded sand aquifer. The Dry/Robla 
Creek (Reaches G and H) levee embankment is predominantly a clayey sand and silt constructed 
over a clayey sand, lean clay, and silt blanket of varying thickness. The blanket is underlain by a 
silty sand aquifer. 
 
Reach I includes both leveed and non leveed portions of Magpie Creek and the Magpie Creek 
Diversion Canal (MCDC) between Rose Street, where the Magpie Diversion Canal flows into 
Robla Creek, to the west and McClellan Air Force Base to the east. The levees associated along 
Magpie Creek and the MCDC are composed of silty sand and is underlain by predominantly 
dense to very silty sand and stiff to hard sandy silt with a somewhat prevalent hardpan layer 
about 4 feet thick, 2 to 6 feet below grade. 
 
American River South Basin 
 
On the American River south bank (Reaches A, B and C), there is significant riparian habitat  on 
a typically large waterside bench. In some areas, significant landside vegetation (mostly large 
trees) exists near the levee toe or on the levee slope. On the landside numerous encroachments 
include; fences at or near the landside levee toe, power poles, parking lots, and residences. The 
Reach A and B levee embankment is predominantly composed of silty sand and sandy silt while 
the Reach C levee is predominantly poorly graded sand. The levees are underlain by a thick silt 
to silty sand blanket which is underlain by a sand and gravel aquifer. In both Reaches A and B a 
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keyed in cutoff wall, and in Reach C a hanging cutoff wall, were constructed under WRDA 
1996/1999 to mitigate underseepage. 
 
On the Sacramento River, south of the American River confluence, (Reaches D through G), there 
is significant waterside and landside vegetation on both the slopes and at the toe of the levee. In 
all of the reaches, significant urban development has occurred up to the levee toe and/or the 
landside levee slope. Old Town Sacramento surrounds Reach D, Reaches E and F are residential 
areas of the Little Pocket and Pocket neighborhoods, and Reach G is the town of Freeport and an 
adjacent railroad alignment. On the landside numerous encroachments include; fences at or near 
the landside levee toe and across the levee crest, residences, commercial structures, stairways cut 
into the landside levee slope, and pools. The levee embankment is predominantly poorly graded 
sand and silty sand constructed over a lean clay and sandy silt blanket of varying thickness which 
is underlain by a poorly graded sand aquifer. A through-seepage cutoff wall was constructed 
which extends to a depth of approximately 18 to 40 feet in portions of Reach D and G and all of 
E through F. Sections of deep cutoff wall to approximately 110 feet were constructed in portions 
of Reaches E and F. 
 
Natomas Basin 
 
In the Natomas Basin, on the Sacramento River east bank (Reaches A, B, and C), the there is 
significant landside and waterside vegetation. On the waterside of the levee crest (levee slope 
and toe) there exists almost continuous residential structures and related features such as, 
driveways, out structures, and landscaping. On the landside numerous encroachments are mostly 
due to agricultural uses (ditches, utilities, and structures) in Reaches B and C and residential in 
Reach A. The levee embankment was constructed of hydraulically placed sandy core between 
clay trainer dikes. The trainer dikes were constructed of material obtained by excavating the 
natural impervious blanket. The levee was constructed over a lean clay and silt blanket underlain 
by a silty sand and poorly graded sand aquifer. In Reach A and portions of Reach B a shallow 
through seepage cutoff wall was constructed and in the rest of Reach B and C a landside stability 
berm. As part of the NPACR and adjacent levee is proposed for construction on the landside of 
the existing levee with either/or both a deep cutoff wall or landside seepage berm to mitigate 
levee underseepage. 
 
On the Natomas Cross Canal south bank (Reach D), there is limited vegetation on both the 
landside and waterside of the levee, which was constructed on the canal bank. The levee 
embankment is predominantly a silt and clayey sand material constructed on a thin silt blanket 
which is underlain by poorly graded sand and silty sand aquifer. For a portion of the reach a 
landside stability berm was constructed to half the existing levee height. As part of the NPACR a 
cutoff wall is proposed for construction to mitigate levee underseepage. 
 
On the PGCC and NEMDC west bank (Reaches E through H), there is vegetation on the 
waterside and landside of the levee. Encroachments are sparse for Reaches E through G (mostly 
agricultural uses) but in Reach H commercial development exists at the landside toe. The levee 
embankment is predominantly a clayey sand sandy lean clay constructed on a thin lean clay 
blanket which is underlain by silty sand to poorly graded sand aquifer. As part of the NPACR a 
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cutoff wall or landside seepage berm is proposed for construction to mitigate levee 
underseepage. 
 
On the American River north bank (Reach I) there is significant vegetation on both the waterside 
and landside of the levee; predominantly comprised of trees. Encroachments include primarily 
commercial buildings near the landside levee toe, and parking lots adjacent to the levee 
embankment. The levee embankment is predominantly silty sand constructed on a sandy silt 
blanket which is underlain by silty sand and poorly graded sand aquifer. As part of the NPACR a 
cutoff wall is proposed for construction to mitigate levee underseepage. 
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6.0 LEVEE FAILURE MODES AND ANALYSES CRITERIA 
 
For the purposes of problem identification and alternatives analysis, several different failure 
modes have been evaluated for the without project condition. The failure modes included 
seepage (under and through), slope stability, erosion, overtopping and seismic.  
 
Steady state seepage analysis considered a maximum allowable vertical exit gradient at the toe of 
the levee to be less than 0.5 for the water at the design elevation and 0.80 for the water at the top 
of levee elevation. For landside seepage berms a maximum gradient of 0.8 is allowable at the 
berm toe. The minimum required factor of safety for the design water surface elevation for the 
landside steady state slope stability analysis was 1.40 and 1.20 for the top of levee water surface 
elevation. 
 
The main purpose of seismic vulnerability analyses was to identify the potential seismic 
performance of a levee. Although seismic remediation generally will not be implemented based 
on these analysis results, a levee’s seismic degradation potential should be considered during 
selection of a static remediation, or in developing an emergency action plan to be implemented 
following an earthquake. For the most critical category of levee (e.g., urban levees that are 
frequently hydraulically loaded) the following displacements are acceptable: 
 

• Any deformation inducing crest displacement of 1 foot or less, unless larger lateral 
movements comprise the ability of foundation cut-offs or toe drains, etc. to provide for 
safe retention of high water. 

• If more than 1 foot of seismic displacement is predicted, deformation is still acceptable if 
the levee continues to ensure water retention with 3 feet of freeboard for a 200-year flood 
event. 

• If other safety criteria are met (e.g., cracking that can be repaired in a few days). 
 
The typical USACE levee section, established by EM 1110-2-1913, is nationally considered to 
have a minimum 10-foot crest with 2:1 (horizontal: vertical) waterside and landside slopes. 
According to the Sacramento District 1969 “Design Manual for Levee Construction” levees 
should be constructed with 3:1 waterside and 2:1 landside slopes with either a 20 or 12-foot 
levee crest width for main stream or tributary levees respectively. The Sacramento District 
Geotechnical Engineering Branch, SOP-003 Geotechnical Levee Practice, suggests a 20-foot 
crest width with 3:1 waterside and landside slopes except existing levees with good past 
performance exists where existing 2:1 slopes are acceptable. 
 
Vegetation, encroachment, and access policy includes EM 1110-2-1913, SOP 03, and ETL 1110-
2-571 “Guidelines for Landscaping and Vegetation Management at Levees, Floodwalls, 
Embankments Dams, and Appurtenant Structures”. The vegetation-free zone, as established by 
ETL 1110-2-571, is a three-dimensional corridor surrounding all levees, floodwalls, and critical 
appurtenant structures in a flood damage reduction system. The vegetation-free zone applies to 
all vegetation except grass. The minimum height of the corridor is 8 feet, measured vertically 
from any point on the ground. The minimum width of the corridor is the width of the flood-
control structure (Levee toes or floodwall stem), plus 15 feet on each side, measured from the 
outer edge of the outermost critical structure. 
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7.0 TYPICAL LEVEE IMPROVEMENT MEASURES 
 
Where levee height, geometry, erosion, access, vegetation, seepage, and slope stability 
deficiencies were identified (criteria not met) improvement measures consisting of cutoff walls, 
seepage berms, relief wells, stability berms, geotextile reinforcement, flattened embankment 
slopes, flood walls, retaining walls, sliver fills, and various other measures could be 
implemented.  
 
Seepage cutoff walls are vertical walls of low hydraulic conductivity material constructed 
through the embankment and foundation to cut off potential through seepage and underseepage. 
In order to be effective for underseepage mitigation, cutoff walls usually tie into an impervious 
sublayer. The conventional method using a long stick and boom excavator has a maximum depth 
of 70 to 80 feet. Deeper cutoff walls, up to about 150 feet could be excavated using cable 
excavation method with crane rigs. Mix-in-place methods of cutoff wall construction include 
deep mixing method, jet grouting, and cutter soil mixing. Deep Mixing Method uses specialized 
construction equipment to mix the soil with bentonite and cement in situ and is capable of depths 
more than 100 feet. Pressure relief wells relieve excess pore pressures that can build up beneath a 
surficial blanket layer to reduce exit gradient. Relief wells collect seepage and bring it to the 
surface where it can be discharged freely on the ground surface or collected and drained away 
from the levee toe. Seepage berms are earth structures built at the landside toe that provide 
additional weight to prevent blanket layer heave, reduce exit gradients, and can allow safe exit of 
underseepage. The minimum seepage berm width is typically four times the levee height and the 
maximum width is generally 300 to 400 feet.  
 
Slope flattening is a mechanical method to repair a slope that may not have stable slopes. Both 
the waterside and landside slopes can be graded using construction equipment. In most cases, 
this process requires the removal of all vegetation and encroachments from the levee slope being 
flattened. Slopes are typically flattened to 3H:1V to 5H:1V. Stability berms are constructed of a 
random fill material placed over blanket and chimney drainage features to capture seepage 
through the levee. A thin filter sand layer is placed between the drainage layer and the levee 
embankment and native soils. Drained stability berms have the benefit of also reducing 
susceptibility to through seepage. Geotextile is a type of synthetic material that is primarily used 
for soil reinforcement within an embankment. Geotextile is a woven pervious sheet of fabric 
constructed of synthetic plastic fibers. Geotextiles only provide reinforcement in tension, thus 
they are primarily buried within a soil at the tension surface to strengthen the soil.  
 
Floodwalls are an efficient, space-conserving method for containing unusually high water 
surface elevations. They are primarily constructed from pre-fabricated materials, although they 
may be cast or constructed in place, and are constructed almost completely upright. Floodwalls 
are typically located along a levee hinge point to allow vehicular access along the crown. To 
address deficiencies found in the required levee freeboard various methods of raising the existing 
levee crown elevation could be implemented. A crown only levee raise assumes that the levee 
crown is currently wide enough to support the placement of additional embankment material 
while maintaining the minimum allowable crown width upon the completion of the raise. A full 
levee raise includes an embankment raise from the waterside crown hinge point upward at a 
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3H:1V slope, establishing a new crown width, and then down the landside at a new 3H:1V 
slope). 
 
To protect against waterside erosion in areas where a waterside berm exists, a launchable rock 
trench may be constructed. This is accomplished by placing rip-rap a certain distance on the 
waterside slope and excavating a trench at the waterside toe, or where the waterside slope meets 
the berm. Rip-rap is then placed in the trench and then covered with random fill. As the 
waterside berm is erodes, it will eventually reach the launchable rock trench. At this point, the 
undermining action of the erosion event and soils surrounding the trench will allow for the rip-
rap contained in the trench to “launch” into the void created adjacent to the trench. In areas that 
have no or minimal waterside berm, on bank rip-rap is placed on the waterside levee slope to 
protect against erosion. This entails filling the eroded portion of the bank and installing stone 
protection along the levee slope from the base of the erosion area to the top of the erosion area. 
Vegetation would be limited to grass. If there is a natural bank distinct from the levee that 
requires erosion protection, it would be treated with stone protection.  
 
The purpose of the toe access easement is to allow for necessary maintenance, inspection, and 
floodfight access. For the ARCF project, the Project Delivery Team (PDT) has determined that a 
minimum toe access easement of 10 feet is required in association with other levee 
improvements. The actual toe access may vary depending on site specific constraints. Where 
vegetation management standards are not met, that levee section must be brought into 
compliance or a variance may be applied to a levee system or portion of that system to provide 
for the same levee functionality as intended in ETL 1110-2-571. In consideration for a vegetation 
variance request (VVR), the VVR will preserve, protect, and enhance the natural resources of the 
levee system or segment. 
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8.0 CROSS-SECTION SELECTION 
 
Cross-sections for geotechnical analysis were selected to represent critical surface and 
subsurface conditions of each reach. The topography of each reach is inherently variable. The 
existence of access ramps on both landside and waterside of the levee, railroads running 
perpendicular and parallel to the levee, and/or pump stations or other structures built up adjacent 
to the levee section create difficulties to discern the typical versus critical cross-section. The 
sections were selected based on subsurface data, laboratory test results, geomorphology, surface 
conditions, field reconnaissance, historical performance, and levee geometry. The ground surface 
elevations used in the cross-sections were based on a LiDAR (light detection and ranging) survey 
completed in November 2008 for the DWR, ULE project. The natural soil layers were delineated 
based on boring logs and laboratory test results. Elevation references in this report are in feet and 
are based on the North American Vertical Datum of 1988 (NAVD88) unless otherwise noted. All 
horizontal references in this report are in feet and are based on the California State Plane, Zone 
II, North American Datum of 1983 (NAD83). Plate 1 shows the relationship between LM, RM, 
and stationing that were used to describe the location of the cross-sections. Table 8-1 and Plate 2 
presents the cross-sections where geteochnical analyses were performed, and used in the 
economic analyses. 
 

Table 8-1: Index Point Locations 
Basin Reach Channel Bank Unit Levee Mile 
ARN A American River North 9 1.32 
ARN E Arcade Creek North 7 0.90 
ARS B American River South 4 3.90 
ARS F Sacramento River East 1 5.92 
NAT D NCC South 2 1.17 
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9.0 HYDRAULIC LOADING CONDITIONS 
 
Water surface profiles for the ARCF GRR study area were obtained from the Hydraulics and 
Hydrology Branch, Sacramento District. The profiles provide water surface elevations in NAVD 
88 by river mile for various flood frequencies. Deterministic seepage and stability analyses were 
performed for various flood frequencies typically incorporating the 25yr, 50yr, 100yr, 200yr, 
500yr, and top of levee. The probabilistic analyses were performed for a range of stages not 
correlated to flood frequency, but which represented stages from no head (landside toe of levee) 
to maximum head (top of levee).  
 
During the preparation of this report, the hydraulic model was in the process being revised and 
updated. Due to the detailed review process required of the hydraulic model update, the decision 
was made to perform the deterministic analyses using draft hydraulic model water surface 
profiles for various flood frequencies. Water surface profiles for deterministic seepage and slope 
stability analyses for the Natomas Basin were based on the previous hydraulic model dated 
December 2010, for the American River North Basin (ARN) Reaches A and B and American 
River South Basin (ARS) Reaches A through G were based on a draft update dated July 2011, 
and for ARN Reaches C through H were based on a draft update dated March 2012. The various 
different models have a variability of 1 to 3 feet of stage for the same flood frequency. 
Table 9-1 below summarizes the water surface elevations deterministically analyzed at each 
index point, by basin. 
 

Table 9-1: Analyses Water Surface Elevations 
Index Point Event Stage Head  Index Point Event Stage Head 

ARN 
Reach A 

U9 LM 1.32 

Crest 52.95 9.69  

ARS 
Reach F 

U1 LM 5.92 

Crest 33.41 17.96 
500yr 55.83 12.57  500yr 33.33 17.88 
200yr 51.1 7.84  200yr 32.05 16.6 
100yr 46.27 3.01  100yr 30.33 14.88 
50yr 46.16 2.9  50yr 29.65 14.2 
25yr 46.08 2.82  25yr 29.03 13.58 

ARN 
Reach E 

U7 LM 0.90 

Crest 43.94 12.25  

NAT 
Reach D 

U4 LM 1.17 

Crest 44.85 15.3 
500yr 46.12 14.43  500yr 45.16 N/A 
200yr 41.34 9.65  200yr 44.23 14.68 
100yr 39.08 7.39  100yr 42.84 13.29 
50yr 37.68 5.99  50yr 41.88 12.33 
25yr 35.34 3.65  25yr 41.11 11.56 

ARS 
Reach B 

U4 LM 3.90 

Crest 48.83 16.03  

 

   
500yr 47.76 14.96     
200yr 41.31 8.51     
100yr 38.13 5.33     
50yr 37.73 4.93     
25yr 37.41 4.61     
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10.0 SEEPAGE AND SLOPE STABILITY ANALYSES 
 
Deterministic steady state seepage analysis was performed using the finite element program 
SEEP2D within GMS 6.5 (Groundwater Modeling System). Results from the seepage analysis 
were used to calculate average vertical exit gradients at the landside levee toe and/or at a more 
critical location near the levee toe if applicable, for example at the invert of the empty drainage 
ditch. The pore pressures and/or phreatic surfaces were exported to UTEXAS4.0 for use in slope 
stability analysis.  
 
Boundary conditions along the waterside ground surface from the waterside model limits to the 
levee slope were assigned as fixed total head conditions corresponding to the analyzed water 
elevation. On the landside, exit face boundary conditions are applied from the landside crest 
hinge point to landside extents of the model. All other boundaries not explicitly assigned a 
condition are assumed by the program to be no flow which include both vertical faces of the 
model and the bottom nodes. The landside model extents were extended 2,000 feet from the 
levee centerline and for the waterside model extents to the channel centerline.  
 
Embankment stability against shear failure was analyzed using the UTEXAS4.0 software 
package for steady state conditions. Analyses to find factors of safety against sliding were 
conducted using a floating grid automatic circular failure surface search routine to identify the 
critical failure surfaces with Spencer Procedure within the embankment and/or foundation. The 
Spencer Procedure satisfies both force and moment equilibrium for each slice. A minimum 
weight restriction was applied to the slices within the failure surface to eliminate surficial failure 
surfaces. Where tensile stresses exist on the failure surface, a water filled crack depth was 
introduced to eliminate the tensile stresses, but not compressive stresses. 
 
Material properties including hydraulic conductivity for seepage analysis and drained (effective) 
shear strength and unit weight for slope stability analysis were developed based on a review of 
field and laboratory data that was then generalized into appropriate parameters by material type. 
The stratigraphy of the existing levee cross-section was divided into unique layers typically 
consisting of levee embankment fill, foundation or blanket layer, pervious aquifer layers 
separated by an aquitard, and a deeper fine grained layer. Analysis material parameters were 
assigned considering saturated conditions.  
 
The results of the without project seepage and slope stability analyses indicate that the levees in 
ARN Reaches C through F and ARS Reaches D through G did not meet minimum criteria. The 
analyses showed that the levees did not meet criteria at varying flood frequencies typically 
between the 25 and 200 year events. In general, the analyses identified underseepage deficiencies 
and/or underseepage related slope stability deficiencies. Therefore, the with project analyses 
typically included deep cutoff walls which resulted in the with project levee analyses satisfying 
criteria. 
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10.1 ARN REACH A – AMERICAN RIVER NORTH – U9 LM 1.32 
 
The without project conditions analyses includes the WRDA 1996/1999 cutoff wall and met 
criteria for both seepage gradients and slope stability factors of safety. As no seepage and 
stability deficiencies exist, no further improvements are recommended. Figure 10-1 displays 
steady state seepage and landside slope stability results for analyzed flood frequencies. 
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Figure 10-1: ARN Reach A U9 LM 1.32 Without Project Analyses Results 

 
10.2 ARN REACH E – ARCADE CREEK NORTH – U7 LM 0.90 
 
The without project conditions seepage analysis of the Arcade Creek north levee have shown the 
potential for seepage gradients to exceed criteria beginning at the 100 year flood frequency event 
due to a thin clay blanket underlain by poorly graded sand layer. Related to the underseepage 
deficiency, slope stability factors of safety do not meet criteria beginning at the 50 year flood 
frequency event. The 100 year flood frequency event corresponds to a water surface elevation of 
39.08 feet and 7.39 feet of head and the 50 year flood frequency event corresponds to a water 
surface elevation of 37.68 feet and 5.99 feet of head. Additionally, an open drainage ditch to the 
landside levee toe from NEMDC to Norwood Avenue amplifies the slope stability deficiency.  
With project conditions analyses addressed the underseepage and slope stability deficiencies by 
incorporating a cutoff wall be keyed-in to a low permeability confining layer at elevation –6.0 
feet. With the improvement measures described above seepage and stability analyses met 
criteria. Figure 10-2 displays the without project conditions analyses results and Figure 10-3 
displays the with project analyses results for analyzed flood frequencies. 
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Figure 10-2: ARN Reach D U7 LM 0.90 

Without Project Analyses Results 
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Figure 10-3: ARN Reach D U7 LM 0.90 

With Project Analyses Results
 
10.3 ARS REACH B – AMERICAN RIVER SOUTH – U4 LM 3.90 
 
The without project conditions analyses includes the WRDA 1996/1999 cutoff wall and met 
criteria for both seepage gradients and slope stability factors of safety. As no seepage and 
stability deficiencies exist, no further improvements are recommended. Figure 10-4 displays 
steady state seepage and landside slope stability results for analyzed flood frequencies. 
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Figure 10-4: ARS Reach B U4 LM 3.90 Without Project Analyses Results 
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10.4 ARS REACH F – SACRAMENTO RIVER EAST – U1 LM 5.92 
 
The without project conditions analysis on the Sacramento River, at this location, included a 
through seepage cutoff wall constructed by the SUALRP in the early 1990’s. Slope stabilty 
analysis resulted in factors of safety below criteria beginning at the 25 year flood frequency 
event, which corresponded to a water surface elevation of 29.03 feet and 13.58 feet of head. 
Seepage analysis at the 25 year flood frequency event through crest water surface elevation 
indicated marginal underseepage gradients (0.4 to 0.5). A review of past performance indicated 
that seepage and boils were observed at numerous locations both before (1995) and after (1998) 
the construction of the through cutoff wall. Past flood event stages were compared to analyzed 
flood frequencies and the 1997 event (maximum recorded stage) was comparable to the 25 year 
flood frequency. The past performance is in agreement with the seepage and stability analyses 
results. With project conditions analyses addressed the underseepage deficiencies by 
incorporating a keyed-in cutoff wall to tip elevation -105.0 feet. Figure 10-5 displays the without 
project conditions analyses results and Figure 10-6 displays the with project analyses results for 
analyzed flood frequencies. 
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Figure 10-5: ARS Reach F U1 LM 5.92 

Without Project Analyses Results 
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With Project Analyses Results 
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10.5 NAT REACH D – NCC SOUTH – U1 LM 1.17 
 
The without project conditions analyses includes the NPACR cutoff wall which satisfies criteria 
for both seepage gradients and slope stability factors of safety. The ARCF GRR included a levee 
raise, the NPACR analyses section met top of levee analyses criteria with the raise. Figure 10-7 
displays steady state seepage and landside slope stability results for analyzed flood frequencies. 
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Figure 10-7: NAT Reach D U1 LM 1.17 Without Project Analyses Results 
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11.0 EROSION ASSESSMENT 
 
The American River levees were originally intended to convey a release from Folsom Dam of 
115,000 cfs. During several events since the construction of Folsom Dam, flows have exceeded 
design capacity and caused significant erosion distress. Additionally, the objective release from 
Folsom Dam is currently under review as part of the Folsom Dam Reoperations Study and the 
Joint Federal Project is currently constructing improvements to the dam for a release of 160,000 
cfs. 
 
Insufficient geotechnical data were available to adequately support existing and proposed 
channel stability analyses and potential design recommendations. Specifically the geotechnical 
and geologic study focused on characterization of soil properties through exploration and testing, 
geologic mapping, and 3-dimensional modeling of the subsurface stratigraphy. Additional 
geotechnical data was generated to characterize the material comprising the existing channel bed 
between the Right and Left bank levees of Lower American River (LAR) between River Mile 
(RM) 5.0 and 11.0. Specifically, the geotechnical study was directed to investigation the location 
and properties of a potentially erosionally resistant unit, better represent and organize the 
existing geotechnical data, and improve upon existing geologic mapping. 
 
Subsurface exploration, soil borings and CPT, and subsequent laboratory testing were performed 
in support of the various tasks associated with studying erosion on the LAR. Relatively 
undisturbed samples were collected of the potentially erosionally resistant unit for erosion rate 
testing to be used in hydraulic modeling and analyses. Additional subsurface investigation 
consisted performing several geoelectrical surveys of the LAR channel and floodplain between 
RM 5.5 and RM 11.0 to characterize the extent and thickness of lithologic units that may have 
differing scour potential. The erosion resistance of the LAR was further assessed by performing 
Jet Erosion Tests (JET) and Erosion Function Apparatus (EFA) testing on undisturbed samples 
of cohesive materials located near the bed elevation of the LAR. The test results showed that the 
erodibility of each sample was related to the geologic unit and that most of the specimens within 
the Fair Oaks formation (below the erosionally resistant surface) could be categorized as 
Moderate Resistant to Very Resistant. Similarly, in general, the layer above erosionally resistant 
surface could be categorized as Very Erodible to Erodible. 
 
Fugro Consultants performed the geologic portion of the erosion study, key findings from their 
report, Lower American River Stratigraphic and Geomorphic Mapping Report (2012), are 
reproduced below. Two levels of investigation were performed: (1) detailed mapping and 
analysis of the geologic deposits between the levees from RM 5.0 to 11.0, and (2) development 
of reconnaissance mapping along the channel corridor between RM 0.0 to 5.5 and RM 11.0 to 
22.4. Detailed geologic mapping, as well as petrographic and pedogenic analyses, completed 
during this study demonstrated the presence of two potentially erosion-resistant units. These 
were: (1) a moderately cohesive silty and sandy interbed of relatively limited lateral and 
longitudinal extent within a thicker package of loose Holocene sediments (the “upper” unit); and 
(2) much thicker, more widespread relatively erosion-resistant deposits associated with the 
Pleistocene-aged Fair Oaks formation of Shlemon (1967) (the “lower unit”). Figure 11-1 
presents a generalized stratigraphic section. 
 



Attachment C Geotechnical Report  Appendix C Engineering Report 
 

American River Common Features Project 26 of 48 October 2013 

 
Figure 11-1: Generalized, Composite Stratigraphic Section of the Lower American River 

 
A 3-dimensional (3D) stratigraphic model of the LAR study reach was developed by 
incorporating both existing and newly collected geotechnical and geologic data. The model 
described the stratigraphy and subsurface conditions of the study reach and help evaluate the 
stratigraphic susceptibility of this reach to erosion near the levee banks. Figure 11-2 presents a 
site specific representation of the generalized section presented in Figure 11-1. 
 

 
Figure 11-1: 3D Stratigraphic Model Section 11 Near RM 7.2 

 
A review of the applied velocity and shear stresses at different simulated flows was performed 
on the left and right banks of the study area at several locations. Applied velocity exceeds 
permissible velocities for most soils by 50,000 cfs on the right bank and between 80,000 and 
115,000 on the left bank. Therefore, it is reasonable to assume that, depending on flood event 
duration, channel and bank geometry, levee geometry, soil type, and vegetation cover, that 
erosion distress to the American River channel banks and levees has the potential to occur 
beginning at flows exceeding 30,000 cfs. 
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12.0 SEISMIC ASSESSMENT 
 
To evaluate the potential to liquefaction resistance of soils, liquefaction triggering analysis was 
performed based on the procedure from the summary report of the 1996 NCEER and 1998 
NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils, published as part of 
the Journal of Geotechnical and Geoenvironmental Engineer, dated October 2001 (Youd, Idriss, 
Andrus, & Arango, October 2001).  
 
The result of the liquefaction triggering analysis and liquefaction-induced post-earthquake 
deformation based on limit equilibrium analysis indicates that liquefaction potential is highly 
likely at each critical location for all the reaches for Natomas Basin, Reach A of American River 
North Basin, and Reaches C to G of American River South Basin. Moreover, at these locations, 
the analysis indicates that the post-earthquake deformation as the result of liquefaction of the 
material beneath the embankment is a global or structural failure mode that is very likely to 
compromise the ability to provide flood protection at these critical locations. 
 
13.0 VEGETATION VARIANCE REQUEST SUPPORTING ANALYSES 
 
The majority of the Sacramento River levee within the study area, require seepage, slope 
stability, height, and erosion improvements in order to meet USACE criteria. Construction of the 
levee improvement measures will require complete vegetation removal on the levee from 
approximately 15 feet landward of the landside toe to approximately 1/3rd the height of the levee 
on the waterside slope. On the waterside, where construction does not remove vegetation, on the 
lower 1/3rd of the slope to 15 feet waterward of the waterside levee toe, the vegetation will be left 
in place and a  Vegetation Variance Request (VVR) will be sought by the Sacramento District. 
To show that the safety, structural integrity, and functionality of the levee would be retained, an 
evaluation of underseepage and waterside embankment slope stability was completed given that 
a tree fell resulting in scouring of the root ball area.  
 
The analyses section/index point at LM 5.92 was chosen for the VVR analyses because if was 
considered to be representative of the most critical channel and levee geometry and the without 
project analyses showed the section does not meet underseepage and slope stability criteria. The 
cross-section geometry of the index point incorporated tree fall and scour by using a maximum 
depth of scour for cottonwoods as approximately 11.0ft; the associated soil removed was 
projected at a 2:1 slope from the base of the scour toward both the landside, and waterside 
slopes. The base scour width was equal to the maximum potential diameter at breast height (dbh) 
of Cottonwoods (12.0ft) projected horizontally at a depth of 11.0ft below the existing ground 
profile. The results show that the tree fall and scour did not significantly affect levee 
performance and that the levee meets USACE seepage and slope stability criteria considering the 
seepage and stability improvement measures are in place (“with project” conditions). Therefore, 
it is a reasonable conclusion that with a VVR to allow vegetation to remain, the safety, structural 
integrity, and functionality of the Sacramento River levee would be retained. 



Attachment C Geotechnical Report  Appendix C Engineering Report 
 

American River Common Features Project 28 of 48 October 2013 

14.0 GEOTECHNICAL RECOMMENDATIONS FOR LEVEE IMPROVEMENT 
 
The levees protecting the ARCF GRR study area are susceptible to through seepage, 
underseepage, slope stability, and erosion. In some locations, on the levees along the American 
River and Natomas Basin, substantial projects have been authorized to address these 
deficiencies. However, seepage, slope stability, and/or erosion deficiencies still remain on 
portions of the Sacramento River, on the east bank of NEMDC, on both banks of Arcade Creek, 
and on both banks of the American River. To address seepage and seepage related slope stability 
deficiencies the predominant recommendation is cutoff walls. Due to several factors including 
constraints on expanding the levee footprint; seepage berms, relief, wells, and the vast majority 
of other seepage improvement measures were considered not feasible. Based on hydraulic 
modeling, some reaches may require raises to prevent overtopping at certain flood frequencies. 
Plate 3 shows the locations of those improvements. 
On the American River erosion continues to be a potential failure mode that requires additional 
improvements to convey design flows. To accomplish this, two erosion protection measures have 
been proposed that could be implemented in combination along the levee alignment depending 
on factors such as, bank/bench geometry, existing habitat, and existing land use among other 
considerations. The two measures are a launchable rock trench and on bank rip-rap.  
 
On the Sacramento River east levee (Reaches ARS D through G), the need for further seepage 
and slope stability improvements has been identified through geotechnical analyses. A 
combination of conventional open trench and Deep Soil Mixing (DSM) cutoff wall construction 
methods is anticipated. Levee raises are proposed in some segments of the Sacramento River 
levee which would be accomplished with a levee embankment raise and retaining wall at the 
landside levee toe or a flood wall constructed at the levee crest. The levee at Pioneer Reservoir 
was improved by the Sacramento District with relief wells and a landside seepage berm to meet 
criteria at the 100 year flood event. At this location, the seepage berm should be thickened to 
increase the level of protection (200 year flood event). To address a slope stability deficiency in 
Reach G, a full levee degrade and placement of geotextile within the reconstructed levee 
embankment is recommended. The Sacramento River levee requires erosion protection, which 
could be addressed with the measures presented for the American River. The extents of levee 
seepage and slope stability improvements for the Sacramento River are shown in Table 14-1. 
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Table 14-1: Sacramento River Reaches D through G Recommended Improvements 

Reach Beginning  
LM 

Ending 
LM 

Tip Elevation 
(ft) 

Depth 
(ft) Type Description 

D 

0.00 0.18 NA NA NA USACE 2000 CW 
0.18 1.25 NA NA NA High Ground 
1.25 1.97 NA NA NA Pioneer Reservoir 
1.97 3.2 -80 120 DSM Hanging/Keyed In 
3.2 3.63 -45 80 Open Trench Keyed In 
3.63 0.59 NA NA NA High Ground 

E 

0.59 0.9 -95 135 DSM Partial 
0.9 1.36 NA NA NA SAFCA 2006 CW 
1.36 1.71 -75 115 DSM Keyed In 
1.71 2.39 -65 105 DSM Keyed In 

E/F 2.39 3.39 -55 95 DSM Partial 

F 

3.39 3.67 -75 115 DSM Hanging 
3.67 3.99 NA NA NA USACE 2006 CW 
3.99 4.57 -75 110 DSM Keyed In 
4.57 5.01 -45 80 Open Trench Keyed In 
5.01 6.03 -110 145 DSM Partial 
6.03 6.11 NA NA NA Sump 132 CW 
6.11 6.28 -85 120 DSM Keyed In 
6.28 7.36 -65 100 DSM Keyed In 

F/G 7.36 8.32 -60 95 DSM Hanging 
G 8.32 10.64 NA NA NA Geotextile 
 
The NEMDC, Arcade Creek north, Dry Creek, and Robla Creek levees sections were improved 
in the 1990’s to early 2000’s by SAFCA and, although they did not include internal seepage 
improvements, the levees meet geotechnical analyses criteria for seepage and slope stability, 
except in limited segments. The exception being a portion of NEMDC from its confluence with 
the American River, both banks of Arcade Creek, and a section of NEMDC where the historic 
Magpie Creek intersects the levee foundation. To address underseepage and underseepage 
induced slope stability deficiencies the proposed improvement measure is a cutoff wall 
constructed with the conventional open trench method. The Arcade Creek south bank proposed 
cutoff wall is proposed in conjunction with a full levee height degrade and incorporation of 
geotextile placed within the reconstructed levee embankment. The Arcade Creek north bank a 
cutoff wall is proposed in conjunction with replacing the existing landside ditch with buried 
culverts from the confluence of NEMDC upstream to Rio Linda Blvd. Depths and locations of 
the proposed cutoff wall are shown in Table 14-2 below 
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Table 14-2: East Side Tributaries Reaches C through F Proposed Cutoff Wall Extents 

Reach Beginning Ending Tip Elevation 
(ft) 

Depth 
(ft) Unit LM Unit LM 

C 2 0.00 2 0.48 -45 80 
D 1 0.00 1 2.08 -6 45 
E 7 0.00 7 1.92 -6 45 
F 2 2.01 2 3.24 -45 80 

 
For the levees surrounding the Natomas Basin, the geotechnical recommendations for seepage 
and slope stability were addressed in the NPACR. The recommended alternative from that report 
included a combination of seepage berms and cutoff walls combined with either an adjacent 
levee or fix-in-place improvement to the existing levee. To address levee overtopping concerns, 
a floodwall at the waterside hinge point or a soil embankment raise is proposed where necessary. 
 
15.0 MAGPIE CREEK 
 
In the early 1990’s, the Sacramento District and SAFCA began studying the Magpie Creek and 
MCDC flood control project after the realization that the system was overtopped during frequent 
events. In the late 1990’s and early 2000’s, both the Sacramento District and SAFCA developed 
varies improvement alternatives for the project. While the alternatives varied slightly, they 
included similar measures such as, levee raises (either embankment or floodwall), new levee 
construction, channel improvements (deepening or widening), and construction of detention 
basins. Levee improvements consisting of either levee embankment raises or flood wall raises 
were proposed for the left bank of Magpie Creek and the MCDC, while new levee construction 
was proposed for the right banks. Based on the available existing feasibility and design 
documents prepared in the 1990’s and early 2000’s by the Sacramento District and SAFCA, the 
levee, channel, and detention basin improvement measures appeared to be geotechnically 
adequate and require no further geotechnical analyses as part of the ARCF GRR. 
 
16.0 SACRAMENTO WEIR AND BYPASS 
 
The existing Sacramento Weir and Bypass, which allows high flows in the Sacramento River to 
be diverted into the Yolo Bypass, could be expanded to roughly twice their current width to 
accommodate increased bypass flows. The existing north levee of the Sacramento Bypass would 
be degraded and a new levee constructed approximately 1,500 feet in length to the north. The 
existing Sacramento Weir would be expanded to match the wider bypass.  
 
The new north levee of the Sacramento Bypass would be constructed as per the standard levee 
section for new construction which includes; Type I Levee Fill, 3H:1V waterside and landside 
slopes, and a minimum crest width of 20 feet. As both the existing north and south levees have 
experienced underseepage and slope stability related distress, the new north levee would include 
a 300-foot wide drained landside seepage berm (5 feet thick at the landside levee toe tapering to 
3 feet thick at the berm toe and constructed of random fill with a 1.5-foot thick drainage and 
filter layer at the base) with a system of relief wells located at least 15 feet landward of the berm 
toe and spaced at 200-foot intervals. A seepage cutoff wall with tip elevation of 5 feet (35 feet 
deep) should be constructed beneath the Sacramento Weir.
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17.0 PROBABILISTIC ANALYSES 
 
The First-Order-Second-Moment (FOSM) method, as recommended in ETL 1110-2-556, “Risk-
Based Analysis in Geotechnical Engineering for Support of Planning Studies” dated 28 May 
1999, was followed during the probabilistic evaluation of each index point. In this approach, the 
uncertainty in performance is taken to be a function of the uncertainty in model parameters. The 
standard deviations of a performance function were estimated based on the expected values 
(means) and the standard deviation of the random variable means. The performance functions 
considered were underseepage, through-seepage, and slope stability. 
 
Potential sources of levee distress or failure considered in the analyses were underseepage 
through the levee foundation, through-seepage through the levee embankment, and instability of 
the landside levee slope under steady state conditions. The levees were evaluated against the 
above mentioned performance modes at five different water surface elevations (loading 
conditions), which included; levee crest, levee crest minus three feet, half levee height, toe plus 
three feet, and landside levee toe where the probability of failure was considered to be zero. 
Using this method of selecting loading conditions the curves should represent probability of poor 
performance at multiple flood frequencies. 
 
The probability of poor performance was evaluated by assessing the foundation and embankment 
materials and assigning values for the probability moments of the random variables considered in 
the analyses. Random variables for underseepage were considered for the ratio of the horizontal 
permeability of the aquifer to the vertical permeability of the upper less permeable blanket, 
blanket thickness, and aquifer thickness. Random variables for through-seepage were considered 
for critical tractive stress, porosity, and intrinsic permeability of the levee embankment material. 
Random variables for slope stability were considered for effective friction angle, effective 
cohesion, and total unit weight of the levee embankment, and effective friction angle and 
cohesion of the foundation material. 
 
A judgment based conditional probability function for each analyzed cross-section was based on 
existing conditions of the levee such as encroachments on the levee slopes, vegetation on the 
levee slopes and in the vicinity of the levee toes, existing cracks and holes due to animal 
burrows, erosion of the waterside levee slopes and riverbank, and considering the past history of 
sand boils or slope failures. Generally, past experience with poor performance at utility crossing 
and rodent activity indicates the risk of failure is somewhat significant in the analyzed areas.  
 
The conditional probability of failure as a function of floodwater elevation has been developed 
by combining the probability of failure functions for all considered failure modes; underseepage, 
through-seepage, slope instability, and judgment.  
 
The without project levee performance curves indicate that the levees in ARN Reaches C 
through F and ARS Reaches D through G would perform unsatisfactorily when minimally 
loaded. In general, the analyses identified underseepage deficiencies and/or underseepage related 
slope stability deficiencies. Therefore, the with project levee performance curves considered the 
proposed improvement measures for each failure mode, as necessary, which resulted in 
significant reduction in probabilities of poor performance.  
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17.1 ARN REACH A – AMERICAN RIVER NORTH – U9 LM 1.32 
 
Borings chosen to be used in probabilistic analyses resulted in a mean blanket thickness value of 
15.0 ft with a coefficient of variation of 96, and a mean aquifer thickness of 24.0 ft with a 
coefficient of variation of 42. The blanket was comprised of predominantly silty sands. The 
aquifer was made up of poorly graded sand to silty sand, and silty gravel. 
 
The levee embankment contains an existing cutoff wall which mitigates underseepage, through 
seepage, and slope stability concerns. The without project judgment based probability portion of 
the curve was comprised mainly of erosion, and encroachments, accounting for 50.0% and 4.0% 
respectively at the crest. Past performance has indicated significant amounts of erosion of the 
riverbank, waterside levee slope and foundation. Overall judgment based contributions account 
for a Pr(f) of 55.3% of the without project combined curve at the levee crest. Figure 17-1 
presents the without project conditions combined curve. 
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Figure 17-1: Combined Probability of Poor Performance for Without Project Conditions 

 
The remaining probability of failure was primarily attributed to the judgment based failure 
modes, erosion, which is proposed to be mitigated through the placement riprap erosion 
protection. With project improvement measures reduce erosion to a Pr(f) of 5.0% at the levee 
crest. Figure 17-2 presents the with project conditions combined curve. 
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Figure 17-2: Combined Probability of Poor Performance for With Project Conditions 

 
17.2 ARN REACH E – ARCADE CREEK NORTH – U7 LM 0.90 
 
Borings chosen to be used in probabilistic analyses resulted in a mean blanket thickness value of 
6.0 ft with a coefficient of variation of 50, and a mean aquifer thickness of 25.0 ft with a 
coefficient of variation of 36. The blanket was comprised of predominantly lean clay. The 
aquifer was made up of silty sands, poorly graded sands, and silts. 
 
The without project underseepage analysis resulted in a Pr(f) of 72.4% at the levee crest and 
landside slope stability analysis resulted in a Pr(f) of 68.1% at the crest. The without project 
judgment based probability portion of the curve was comprised mainly of utilities and animal 
burrows both of which account for a Pr(f) of 6.0% at the crest. Overall judgment based 
contributions account for a Pr(f) of 17.7% of the without project combined curve at the levee 
crest. Figure 17-3 presents the without project conditions combined curve. 
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Figure 17-3: Combined Probability of Poor Performance for Without Project Conditions 
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With project conditions analyses were completed with the incorporation of an underseepage 
cutoff wall. This improvement mitigates underseepage and landside slope stability concerns. 
With project conditions did not provide a reduction to judgment based probabilities of failure. As 
such the Pr(f) for both utilities and animal burrows remained at 6.0% at the levee crest. Figure 
17-4 presents the with project conditions combined curve. 
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Figure 17-4: Combined Probability of Poor Performance for With Project Conditions 

 
17.3 ARS REACH B – AMERICAN RIVER SOUTH – U4 LM 3.90 
 
Borings chosen to be used in probabilistic analyses resulted in a mean blanket thickness value of 
10.0 ft with a coefficient of variation of 30, and a mean aquifer thickness of 41.0 ft with a 
coefficient of variation of 24. The blanket was comprised of predominantly silts and lean clays. 
The aquifer was made up of silty sands and poorly graded sands. 
 
The levee embankment contains an existing cutoff wall which mitigates both underseepage, 
through seepage, and slope stability concerns. The without project judgment based probability 
portion of the curve was comprised mainly of erosion, and encroachments, which accounted for 
60.0% and 4.0% respectively at the crest. Past performance has indicated significant amounts of 
erosion of the riverbank, waterside levee slope and foundation. The combined without project 
levee performance curve resulted in a Pr(f) of 65.0% at the levee crest. Figure 17-5 presents the 
without project conditions combined curve. 
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Figure 17-5: Combined Probability of Poor Performance for Without Project Conditions 

 
The high probability of failure was primarily attributed to the erosion portion of the judgment 
based failure modes, which is proposed to be mitigated through the placement of riprap erosion 
protection. With project improvement measures reduce erosion to a Pr(f) of 5.0%. Figure 17-6 
presents the with project conditions combined curve. 
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Figure 17-6: Combined Probability of Poor Performance for With Project Conditions 
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17.4 ARS REACH F – SACRAMENTO RIVER EAST –U1 LM 5.92 
 
Borings chosen to be used in probabilistic analyses resulted in a mean blanket thickness value of 
19.0 ft with a coefficient of variation of 47, and a mean aquifer thickness of 83.0 ft with a 
coefficient of variation of 19. The blanket was comprised of predominantly silts, and lean clays. 
The aquifer was made up of mainly silty sands, and poorly graded sands. 
 
The without project underseepage analysis resulted in a Pr(f) of 25.8% at the levee crest and 
landside slope stability analysis resulted in a Pr(f) of 1.9% at the crest. The levee embankment 
contains an existing shallow cutoff wall which mitigates through seepage concerns. The without 
project judgment based probability portion of the curve was comprised mainly of erosion, and 
encroachments, which accounted for 16.0% and 6.0% respectively at the crest. Overall 
contributions account for a Pr(f) of 28.7% of the without project combined curve at the levee 
crest. Figure 17-7 presents the without project conditions combined curve. 
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Figure 17-7: Combined Probability of Poor Performance for Without Project Conditions 

 
With project conditions analyses were completed with the incorporation of an underseepage 
cutoff wall and waterside erosion protection. These improvements mitigated underseepage, 
landside slope stability, and erosion concerns. With project conditions analysis reduce erosion, 
encroachments, and utilities to a Pr(f) of 2.0%, 3.5%, and 1.0% as during construction, a portion 
of existing encroachments and utilities will be removed or relocated to allow for proper 
inspection and maintenance. Figure 17-8 presents the with project conditions combined curve. 
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Figure 17-8: Combined Probability of Poor Performance for With Project Conditions 

 
17.5 NAT REACH D – NCC SOUTH –U1 LM 1.30 
 
The NPACR recommended a cutoff wall constructed through the existing levee section for 
Reach D of Natomas which mitigated underseepage and landside slope stability concerns. The 
change in Pr(f) for seepage was 4.2% from the design water surface elevation to the top of levee 
water surface elevation, given the inclusion of the cutoff wall. The judgment based probabilities 
also added a Pr(f) of 9.3%, comprised mainly of animal burrows and encroachments, which 
contributed a Pr(f) of 7.0% and 5.0% respectively. Figure 17-9 presents the with project levee 
performance curve from the NPACR which included a levee raise component. It is also the with 
project conditions levee performance curve for the ARCF GRR. 
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18.0 MATERIAL REQUIREMENTS AND BORROW SITES 
 
It is anticipated that significant quantities of material will be required for construction of the 
proposed project. Several different improvement measures such as seepage berms, cutoff walls, 
embankment construction/reconstruction, and erosion protection are proposed. The SOP-03 
established the requirements of engineered fill to be used for the construction of the levee 
embankments.  
 
The material is expected to be sourced from several sites including; newly identified borrow sites 
within approximately 25 miles of the study area, existing borrow sites identified for the Natomas 
Basin by SAFCA, the DWSC dredge disposal area, the existing levees, and existing commercial 
sources. A desktop regional borrow study was performed to identify potential borrow sites, 
within 25 miles of the study area, where enough soil could be sourced to satisfy the project 
needs. Plates 4 and 5 show the high confidence and low confidence areas of potential borrow 
sites. Test pits and laboratory testing on materials collected from test pits were provided by 
SAFCA as part of the NLIP for borrow sites established for the Natomas Basin. Additionally, the 
Sacramento District has studied the DWSC spoil areas as a borrow source several time in the 
past, and a discussion of that borrow source is included below. Typically projects constructed by 
the Sacramento District utilize commercial borrow sites near the project area. 
 
19.0 CONCLUSIONS 
 
This report presented the results of geotechnical analyses and feasibility level geotechnical 
design recommendations associated with the various alternatives under consideration to address 
technical deficiencies in the flood risk management system protecting the study area. The 
alternatives consisted of a combination of structural measures to mitigate deficiencies with levee 
height, geometry, erosion, access, vegetation, seepage, and slope stability. They also included, 
the widening and construction of new levees on the Sacramento Bypass and Weir. 
 
The results of the without project seepage and slope stability analyses indicated that the levees in 
ARN Reaches C through F and ARS Reaches D through G did not meet minimum criteria. The 
analyses showed that the levees did not meet criteria at varying flood frequencies typically 
between the 25 and 200 year events. The with project analyses typically included deep cutoff 
walls which resulted in the with project levee analyses satisfying criteria. 
 
Two potentially erosion-resistant units were identified in the stratigraphy of the American River: 
(1) a moderately cohesive silty and sandy interbed of relatively limited lateral and longitudinal 
extent within a thicker package of loose Holocene sediments (the “upper” unit); and (2) much 
thicker, more widespread relatively erosion-resistant deposits associated with the Pleistocene-
aged Fair Oaks formation (the “lower unit”). Erosion rate testing confirmed that erodibility was 
related to the geologic unit and that most of the specimens within the Fair Oaks formation could 
be categorized as Moderate Resistant to Very Resistant and similarly, the layers above 
erosionally resistant surface could be categorized as Very Erodible to Erodible.  
 
The results of the liquefaction triggering analysis and liquefaction-induced post-earthquake 
deformation based on limit equilibrium analysis indicated that liquefaction potential is highly 
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likely at each critical location for all the reaches for Natomas Basin, Reach A of American River 
North Basin, and Reaches C to G of American River South Basin. Moreover, at these locations, 
the analysis indicates that the post-earthquake deformation as the result of liquefaction of the 
material beneath the embankment is a global or structural failure mode that is very likely to 
compromise the ability to provide flood protection at these critical locations. 
 
Based on analyses at LM 5.92 that incorporated tree fall and scour it was shown that the tree fall 
and scour did not significantly affect levee performance and that the levee meets USACE 
seepage and slope stability criteria. Therefore, it was a reasonable conclusion that with a VVR to 
allow vegetation to remain, the safety, structural integrity, and functionality of the Sacramento 
River levee would be retained. 
 
The without project levee performance curves indicate that the levees in ARN Reaches C 
through F and ARS Reaches D through G would perform unsatisfactorily when minimally 
loaded. In general, the analyses identified underseepage deficiencies and/or underseepage related 
slope stability deficiencies. Therefore, the with project levee performance curves typically 
included deep cutoff walls which resulted in significant reduction in probabilities of poor 
performance.
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AMERICAN RIVER NORTH BASIN 



ARN REACH A – AMERICAN RIVER NORTH – U9 LM 1.32 

 

STRATIGRAPHY INPUT 

BORING LOGS 

LABORATORY TESTING 



Average 
% Fines

Average Field N 
(blows/ft)

Average N60 

(blows/ft)1

Average 
Normalized Blow 

Count, N1,60 

(blows/ft)2

Torvane (tsf)
Pocket 

Penetrometer 
(tsf)

Average Unit 
Weight (pcf) PI LL LI

1
Silty Sand (SM) 

with Silt (ML) 
Levee 

SM 0.00 8.61 53.01 44.40 8.61 45 16 30

2 Silty Sand (SM) 
with Silty (ML) ML 8.61 37.11 44.40 15.90 28.50 33 9 21

3
Poorly Graded 

Gravel (GP) with 
Lean Clay (CL)

GP 37.11 53.61 15.90 -0.60 16.50 76 89

4
Poorly Graded 
Sand with Silty 
Sand (SP-SM)

SP-SM 53.61 61.87 -0.60 -8.86 8.26 13 48 69

L Cl (CL)

Depth to Bottom 
of Layer (ft) Comments

AMERICAN RIVER WATERSHED - COMMON FEATURES PROJECT

AMERICAN RIVER NORTH RA U9 LM 1.32
Table F-2-1: Permeability and Strength Selection for Analysis

WNCBAR_003B, 
2F-97-6, DH-7, 

DH-7A

Elevation of 
Top of Layer
(ft, NAVD 88) 

Elevation of 
Bottom of Layer

(ft, NAVD 88)

Layer 
Thickness (ft)

Average Depth
 to Groundwater
During Drilling

Laboratory and Field Data

Boring 
Number

Top of Boring 
Elevation 

(ft, NAVD 88)
Layer ID Soil 

Description
USCS Soil 

Classification

GENERAL REEVALUATION REPORT - GEOTECHNICAL ANALYSIS

53.01

Depth to 
Top of 

Layer (ft) 

5 Lean Clay (CL) 
with Silt (ML) CL 61.87 86.41 -8.86 -33.40 24.54 73 64

6 Impervious Clay 
Cap (CL) CL

7 Cutoff Wall SB WALL 8 25 17.00

Total Depth (ft.) 86.41

Horizontal 
kh (kx) 
cm/sec

Anisotropy Ratio
 kh/kv

Vertical 
kv (ky) 
cm/sec

Horizontal 
kh (kx) 
ft/day

Vertical 
kv (ky) 
ft/day

Total 
Overburden

 Pressure at Mid 
Layer

 During Drilling 
(psf)

Effective 
Overburden 
Stress at Mid 

Layer 
During Drilling 

(psf)

OCR from N60
3 OCR from LI3 Su from N (psf)4 Su/'o from PI 

(psf)4

Calculated 
Maximum

Past Pressure 
(psf)5

Drained Friction 
Angle7 OCR 'p (psf) Su (psf) Su/'o ' C' (psf) ' C' (psf) (pcf)

1 5.00E-04 4.00 1.25E-04 1.418 0.354 0 -269 33 0 125

2 2.00E-04 4.00 5.00E-05 0.567 0.142 0 -1426 33 0 125

3 2.00E-01 4.00 5.00E-02 567.000 141.750 0 -2830 35 0 135

4 1.00E-03 4.00 2.50E-04 2.835 0.709 0 -3603 33 0 125

CommentsLayer ID

Recommended Hydraulic Conductivity Strenth Coorelations Strength from Lab Test Data Recommended Strength Parameters

5 1.00E-05 4.00 2.50E-06 0.028 0.007 0 -4626 #VALUE! 9269 #NUM! 28 50 115

6 1.00E-05 4.00 2.50E-06 0.028 0.007 0 0 #VALUE! #VALUE! 28 50 115

7 1.00E-06 4.00 2.50E-07 0.003 0.001 0 50 85

AR_RA_U9_LM_1.32.xlsm: Stratigraphy
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ish-br¢wn; about 75% firH/! to medium suod; cbati! 
25% fines: no reoclion with He!; M odors pre.senf: 
weQk iron Qlide sroining 

At 2.6 ITt (9.5'), os above except firm 

00.3') 3.14 m +e----LJ--t--t--l-i-t-t--:c-=:-c-::ccc::--:::-:---,-,--:----
CLAYEY SAND SC: Loose; moist: d\l$k~ ye!low~ 

SC 2:~ _ ~ _ _ _. j$h"bro~n: Obout to%. fine to medium s<lnd; abo!." 
_ 30%. medium ptost!<:ity fines; flO re(l(ilian with Hel; 

M o-oors present 
(12.0') 3.66 m:-- i-t-t-t-+-+-+-=='-'-'c.::::::c----------

: _ J 

H6.S') 5.0~ I'll 

U8.0') 5.49 m 

SM 
12.3.0'} 7.01 m 

(33,0') 10.06 m -

-
--i- -

S0594J-NP-

I-+-t-I-- -i

C-
O 

C-

-
• -

SiL TY SAND SM: Leos-e; mols!; dllrk yellOWish
br¢wn: obout eO% fio(l fo medium sond: abou1 20X 
lines: no f(loetion with HCI; flO o(lor$ present 

1---------

SIL TY SAND SM: Loose: moist; moojerate brown; 
tiM to medium, ll'osfly fine sond; Mnplostle fines: 
no reaction with HC!; n" ooor.s pre$ent 

At 6.6 m leUS'l. (IS obove except switched 10 
mud rotary 

- I- -;---------
-
10 

-

-
10 

-I I I 

I 
I 
i 

J S!L TY SAND SM: Loo$e; mOist; moderate brown; 
otlouf e5% fine to medium .s00d; <lbo~t !5% fines; M 
reactiOn with He!; no odors present 

CONTINUED IN NEXT COLUMN 

I 

I 2 

2F-97-6 

CONTINUED FROM PREV10US COLUMN 
DEPTH _ 

N GR SA FI lL PI Me 
(33,0') 10.06 m 

sp
SM 

(38,0') t t5e m' 

(39.S') 12,04 m 

(59.S') 18J4 IT\ 

SM 

-
10 -

--.J '0 HOt 

1 I 

NP -

--

POORL'( GRADED SAND WITH SILT. SP-SM; loo.se; 
mOIst; moderote brown; line fa medIUm, mostly fine 
send; nonplO1l:lic fillfl-$-: no reaction \\lith Hel; I\() odors 
present 

At H,7 m {S8.S'), 0$ Q:trQ~e e~¢ept $tronl} iron 
oxide sfaining 

At 12,8 m (42.0'), gra~el and cobbles pr€.s$!\t; 
rough driHillg: no reco~ery 

At 16.5 m (54.0'), no qrovel ar\d c'ltlbles pres
",nt, .smoother drilling 

S!b TY SAND •• §,M: OMS';', mCist,: (jork ye!lowtsh
brown, fine ta medium, mostly flOe. SlJbonguiar to. 
5ubrOIJnded tond; nonplosHc fines; n¢ reocHo!l with 
Hel; no odor$ present; strong iron oxide stoining 

(63,O') 19,20 m +--+-+-+-+-+-+-++---------------
• 

CL -

(138.0') 20.73 m -

SC 3$ -

I 

SANDY lEAN CLAY CL; H4r4; moist; pole yellow
i$h~bro'llr,; about 65% medium pl(!'stieify fiM\;; 'lOou! 
3St fine sand: no reaction with HCI: no odors ?r%
ent; h<Jrd but $mooth dr1l!in9 

. I CLAYEY SANDJ£: DaMe: dork yellowi~h-brown! 

I I QI:",ut $0% tiM 10 mtlditlrn sand; obod 40% medi-
-1- - i- - tim pk.tl,ticlfy liMI$; no reodiol'! \!fith HCI; no odors 

{69.S') 2Ue m.J,._ .... _L.L-'._L.L-'.-.J'-;"'~"~·~':c':..t---------------
B.O.H. 

NOTES: 

I 1 

GRAPHIC SCALE 

D U 1 U 2 Z5 

SCALE !: as ttIi :X1:Ji=ldl ==::tl ==:±I ==::tl ==::']1 METERS 

I. THE LEGENDS AND NOTES FOR THE 2F-97-# EXPLORATIONS ARE SHOWN ON SHEET 8-11. 

2, ADDntONAL LOGS OF EXPLORATIONS ARE SHOWN ON SHEET NOS. fH THROUGH 8-12 AND 8-14 THROUGH B-49. 
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1.25P

1.5P

0.75P

16

20

S01A_001_002B

S02A_002_003B

S03A_003_005T
Pushed Shelby
tube at 400 psi

S04A_005_007S

Box 1
Representative
S05A_007_008P

S06B_010_012S
S06A_011_012S

S07A_012_013P

S08A_015_017S

S09A_017_018P

NP NP

52

42

10
10
12
[22]

8
11
9

[20]

4
6
6

[12]

30

28

17

100

56

100

44

57

50

86

1

2

3

4

5

6

7

8

9

HD

HD

SG

Gravel Road Base.

[LEVEE FILL]
LEAN CLAY with Sand (CL); yellowish brown (10YR
5/8); moist; 80% medium plasticity, medium dry
strength, medium toughness fines; 20% fine sand; 0%
gravel.
[LEVEE FILL]
SILT with Sand (ML); dark brown (10YR 3/3); moist;
85% low plasticity, medium dry strength, rapid dilatancy,
low toughness fines; 15% fine sand; 0% gravel.

[LEVEE FILL]
SANDY SILT (ML); medium dense; dark brown (10YR
3/3); moist; 52% medium dry strength, rapid dilatancy,
low toughness fines; 48% fine sand; 0% gravel.

[Approximate bottom of Levee Fill at 9.8'].

4-inch thick Silty Sand (SM) lense; 85% fine sand; 15%
fines.

SILTY SAND (SM); medium dense; very dark brown
(10YR 2/2); wet; 58% fine sand; 42% no plasticity fines;
0% gravel; portion of fines are clay-sized.

As above except 70% sand; 30% fines; portion of fines
are clay-sized.

FIELD LOG REVIEWER
G. Bradner

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
Marl, automatic, 140 lbs / 30-inch drop

FIELD LOGGER
M. Horse

BOREHOLE BACKFILL OR COMPLETION
5% bentonite grout

DATE STARTED
5/22/08

VERTICAL INCLINED

DRILLING ROD TYPE AND DIAMETER
6" HSA, 94mm

HELPER'S NAME
R. Ryon

CONSULTANT COMPANY
GEI Consultants, Inc.

DRILLING METHOD
0 - 3 ft: HA, 3 - 10 ft: HSA, 10 - 75 ft: Rotary Wash

TOTAL DEPTH OF FILL
9.8 ft

DRILL RIG MAKE AND MODEL
MARL M-10 (Gregg Rig No. D-44)

CASING TYPE, DIAMETER, INSTALLATION DEPTH
Surface, 6-in., 10 ft

ELEVATION DATUM
NAVD 88

GROUND ELEVATION
52.95 ft

TOTAL DEPTH OF BORING
75.0 ft

HAMMER EFFICIENCY
83%

DRILLING CONTRACTOR
Gregg Drilling & Testing, Inc.

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
5-inch drag bit

DRILLER'S NAME
E. Santellan

DATE COMPLETED
5/22/08

GROUNDWATER READING: DURING DRILLING
N/A due to rotary wash drilling method

AFTER DRILLING (DATE-TIME)

X
SAMPLER TYPE(S)
Bag, DCore(2.5"), PCore(2.5"), Shelby(2.37"), SPT(1.375")
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(Description)

County: SacramentoBorehole Location: North Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,731,673.44

Longitude: -121.40544                        Latitude: 38.56228
Levee Station or Milepost: 3306+35 Levee Mile: 1.31

Coordinates:  Northing: 1,967,149.09

Levee Segment
CA State Plane Zone IICoord. System:
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0.5P

S10A_020_022S

S11_022_023P

S12A_025_027S

S13C_027_027P
S13B_027_028P
S13A_028_029P

S14A_030_032S

S15B_032_033P
S15A_033_034P

S16A_035_037S

S17A_037_037P

S18A_040_042S
40' to 48': Rig
chatter

No Recovery
Gravels present in
sampler

30

57

30

5
6
6

[12]

4
5
8

[13]

7
8
9

[17]

7
7
8

[15]

23
23
20
[43]

17

18

24

21

59

50

36

50

50

39

60

44

95

39

0

10

11

12

13

14

15

16

17

18

19

HD

HD

HD

SILTY SAND (SM); as above.

As above except increasing sand; decreasing fines.

SANDY SILT (ML); medium dense; very dark brown
(10YR 2/2); moist; 57% low plasticity fines; 43% fine
sand; 0% gravel.

As above except decreasing sand; increasing fines.

SILTY SAND (SM); medium dense; very dark brown
(10YR 2/2); moist; 60% fine sand; 40% low plasticity
fines; 0% gravel.

As above except 80% sand; 20% no plasticity fines.

11-inch Sandy Silt (ML) lense; 30% fine sand; 70% no
plasticity fines.

As above except dark yellowish brown (10YR 3/4); 70%
sand; 30%  fines; portion of fines are clay-sized.

As above except 80% fine to medium sand; 20%  fines.

SILTY GRAVEL with Sand (GM); very dense; dark
yellowish brown (10YR 3/6); moist; 50% fine to coarse,
subrounded to rounded gravel, max. 1 in.; 35% fine to
medium sand; 15% low plasticity fines.

Gravel, max. 2.5 in.
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(Description)

County: SacramentoBorehole Location: North Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,731,673.44

Longitude: -121.40544                        Latitude: 38.56228
Levee Station or Milepost: 3306+35 Levee Mile: 1.31

Coordinates:  Northing: 1,967,149.09

Levee Segment
CA State Plane Zone IICoord. System:
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>3.0P

>4.5P

>4.5P

No Recovery
Gravel fragments in
mud cuttings

S21A_051_051P

No Recovery
Driller notes gravel
S22A_051_051P
Driller notes rock in
hole; pushing rock

Rig Chatter

S23A_055_057S

S24C_057_057P
S24B_058_058P
S24A_059_060P

S25B_060_061S
S25A_061_062S

Box 2
Representative
S26A_062_062P

S27B_065_067S
S27A_065_067S

S28B_067_067P
S28A_070_070P

50/4"

17
47
39
[86]

21
29
31
[60]

13
19
21
[40]

119

83

55

0

19

0

16

61

71

50

43

50

100

20

21

22

22

23

24

25

26

27

28

Gravel; as above.

LEAN CLAY (CL); very stiff; olive brown (2.5Y 4/4);
moist; 95% medium plasticity, medium toughness fines;
5% fine sand; 0% gravel.

6-inch thick gravel lense.

Gravel.

LEAN CLAY (CL); hard; yellowish brown (10YR 5/8);
90% low plasticity fines; 10% fine sand; 0% gravel; Iron
oxide staining.

6-inch thick Silt (ML) lense; 10% fine sand; 90% low
plasticity fines.
SILTY SAND (SM); dark yellowish brown (10YR 4/6);
60% fine to medium sand; 40% low plasticity fines; 0%
gravel.

Poorly Graded SAND (SP); dark olive brown (2.5Y 3/3);
moist; 95% fine to medium sand; 5% fines; 0% gravel.

1-foot thick Silty Sand (SM) lense; very dense; 60% fine
to medium sand; 40% low plasticity fines.

Poorly Graded SAND (SP); dark olive brown (2.5Y 3/3);
moist; 95% fine to medium sand; 5% low plasticity, slow
dilatancy fines; 0% gravel.

8-inch thick Lean Clay (CL) lense; 5% fine sand; 95%
medium plasticity fines.
SILT with Sand (ML); very dense; olive brown (2.5Y
4/4); moist; 85% low plasticity, slow dilatancy fines; 15%
fine sand; 0% gravel.

LEAN CLAY (CL); hard; olive (5Y 5/4); moist; 95%
medium toughness fines; 5% sand; 0% gravel.

E
le

va
tio

n,
 f

ee
t

P
P

 o
r 

T
V

, 
ts

f

Urban Levee Geotechnical Evaluations
Program

Engineering Support Services

W
at

er
C

on
te

nt
, %

LABORATORY DATA

M
at

er
ia

l
G

ra
ph

ic
s

REMARKS

Li
qu

id
Li

m
it

P
la

st
ic

ity
In

de
x

F
in

es
,

%
 <

 #
20

0

B
lo

w
s 

pe
r 

6 
in

.
[B

lo
w

s 
pe

r 
ft

]

N
60

(A
S

T
M

)

LOG OF BORING

WCNBAR_003B
Sheet 3 of 4

Draft 4 After Final Markups  11/5/2009

R
ec

ov
er

y,
 %

D
ep

th
, f

ee
t

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

S
am

pl
e 

N
um

be
r

S
am

pl
e 

Lo
ca

tio
n

O
th

er
 L

ab
T

es
tsCLASSIFICATION OF MATERIALS

(Description)

County: SacramentoBorehole Location: North Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,731,673.44

Longitude: -121.40544                        Latitude: 38.56228
Levee Station or Milepost: 3306+35 Levee Mile: 1.31

Coordinates:  Northing: 1,967,149.09

Levee Segment
CA State Plane Zone IICoord. System:
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>3.3P
19

S29A_070_072P

S30A_072_072P

25 8

19
21
25
[46]

Borehole terminated at 75 feet. Backfilled with 5% bentonite
grout.

6461

26

29

30

LEAN CLAY (CL); as above except very stiff.

As above except dark yellowish brown (10YR 4/6); 10%
fine sand; 90%  fines.
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County: SacramentoBorehole Location: North Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,731,673.44

Longitude: -121.40544                        Latitude: 38.56228
Levee Station or Milepost: 3306+35 Levee Mile: 1.31

Coordinates:  Northing: 1,967,149.09

Levee Segment
CA State Plane Zone IICoord. System:
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PARTICLE  SIZE
DISTRIBUTION  CURVES

S05A_007_008P

S08A_015_017S

S10A_020_022S

S12A_025_027S

S16A_035_037S
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Equation of "A"-line
Horizontal at PI=4 to LL=25.5,
   then PI=0.73 (LL-20)

Equation of "U"-line
Vertical at LL=16 to PI=7,
   then PI=0.9 (LL-8)

For classification of fine-grained soils
and fine grained fraction of coarse-grained
soils.



ARN REACH E – ARCADE CREEK NORTH – U7 LM 0.90 

 

STRATIGRAPHY INPUT 

BORING LOGS 

LABORATORY TESTING 



Average 
% Fines

Average Field N 
(blows/ft)

Average N60 

(blows/ft)1

Average 
Normalized Blow 

Count, N1,60 

(blows/ft)2

PI LL
Horizontal 

kh (kx) 
cm/sec

Anisotropy Ratio
 kh/kv

Vertical 
kv (ky) 
cm/sec

Horizontal 
kh (kx) 
ft/day

Vertical 
kv (ky) 
ft/day

' C' (psf) (pcf)

1 Sandy Lean Clay 
Levee CL 0.00 12.79 44.48 31.69 12.79 61 10 9 16 14 27 1.00E-05 4.00 2.50E-06 0.028 0.007 24 50 115

2 Sandy Lean Clay 
Blanket CL 12.79 21.64 31.69 22.84 8.85 55 11 12 12 16

12
27
26 1.00E-05 1.00 1.00E-05 0.028 0.028 28 50 115

3 Poorly Graded 
Sand SP 21.64 40.14 22.84 4.34 18.50 12 35 51 38 19 47 5.00E-03 4.00 1.25E-03 14.175 3.544 35 0 130

4 Silty Sand SM 40.14 45.64 4.34 -1.16 5.50 22 82 121 82 7 33 1.00E-03 4.00 2.50E-04 2.835 0.709 33 0 125
WRARFC_003B 44.48 12.89

Depth to Bottom 
of Layer (ft) 

Elevation of 
Top of Layer
(ft, NAVD 88) 

Elevation of 
Bottom of Layer

(ft, NAVD 88)

Layer 
Thickness (ft)

Average Depth
 to Groundwater
During Drilling

Laboratory and Field Data

AMERICAN RIVER WATERSHED - COMMON FEATURES PROJECT
GENERAL REEVALUATION REPORT - GEOTECHNICAL ANALYSIS

ARCADE CREEK NORTH RN U7 LM 0.90
Table F-2-5: Permeability and Strength Selection for Analysis

Boring 
Number

Top of Boring 
Elevation 

(ft, NAVD88)
Layer ID Material Type USCS Soil 

Classification

Depth to 
Top of 

Layer (ft) 

Recommended Hydraulic Conductivity Recommended Strength Parameters

5 Sandy Silt ML 45.64 55.64 -1.16 -11.16 10.00 94 50 74 48 2.00E-04 4.00 5.00E-05 0.567 0.142 30 0 120

6 Silty Sand SM 55.64 76.50 -11.16 -32.02 20.86 23 52 76 40

12
5

10
26

41
24
35
49

1.00E-03 4.00 2.50E-04 2.835 0.709 35 0 125

Total Depth (ft.) 76.50

ACN_RN_U7_LM_0.90.xlsx: Stratigraphy
1/30/2013
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SANDY LEAN CLAY (CL); dark brown (10YR 3/3) mottled
with dark yellowish brown (10YR 3/6); moist; 57% low
plasticity, high dry strength, slow dilatancy, medium
toughness fines; 43% sand; (FILL).

Color changes to very dark brown (10YR 2/2) mottled with
dark yellowish brown (10YR 4/6), fine sand, slow
dilatancy fines at 4.5'.

SANDY LEAN CLAY (CL); dark yellowish brown (10YR
4/6) mottled with light brownish gray (10YR 6/2) and very
dark grayish brown (10YR 3/2); dry; 61% low plasticity,
high dry strength, no dilatancy, medium toughness fines;
39% fine to medium sand; trace coarse sand; (FILL).

6" clayey sand lens at 8'.

Fine to medium sand; fines content varies throughout
layer with zones of clayey sand interbedded throughout at
9.5'.
4" silty sand lens at 10.3'.
1" silty sand lens at 10.9'.
1" silty sand lens at 11.2'.

3" silty sand lense at 12.8'.

Color changes to dark brown (10YR 3/3); moist at 17.3'.
CLAYEY SAND (SC); dark yellowish brown (10YR 3/6);
moist; 52% fine sand; 48% fines; (FILL).
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County: Sacramento
Channel / River Name / Feature: Arcade Creek

LOG OF BORING
WRARFC_003B

Sheet 1 of 4GPS:      Latitude 38.62567

SAMPLER TYPE(S)
Mod Cal (2"), Punch Core (2.25"), Shelby (1.87"), SPT (1.4")

Draft 4 After Final Markups  5/21/2008
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AFTER DRILLING (DATE-TIME)

Levee Station or Milepost: STA: 5048+89  OFFSET:  2.4 Left

DATE STARTED
5/22/07

VERTICAL INCLINED

DRILLING ROD TYPE AND DIAMETER
NWJ 67 mm, HQ Core 94 mm

GROUND ELEVATION
44.48 ft

HELPER'S NAME
T. Seaver/M. Daniels

TOTAL DEPTH OF BORING
76.5 ft

CONSULTANT COMPANY
Geomatrix

DRILLING METHOD
0 - 21.5 ft: Hollow-Stem Auger, 21.5 - 76.5 ft: Rotary Wash

CASING TYPE, DIAMETER, INSTALLATION DEPTH
10" HSA to 20'

TOTAL DEPTH OF FILL
21.5 ft
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Borehole Location: Crest of the Levee
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DURING DRILLING
N/A due to rotary wash drilling method
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DRILL RIG MAKE AND MODEL
Mobile B61 HDX (Rig 103)

FIELD LOGGER
A. Behan

BOREHOLE BACKFILL OR COMPLETION
See Termination Notes

X

DRILLING CONTRACTOR
Westex

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
10" HSA, 4-3/8" Core Bit

DATE COMPLETED
5/23/07

HAMMER EFFICIENCY
77%

ELEVATION BASIS
Survey crew

GROUNDWATER READING:

DRILLER'S NAME
K. Jensen

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
Mobile, self compensating auto, 140 lbs/30-inch drop

FIELD LOG REVIEWER
Y. Ma

8
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59

SILTY SAND (SM); dense to very dense; olive brown
(2.5Y 4/4); moist; 72% fine sand; 28% fines; mostly fine
sand, little medium sand, few coarse sand; with few
clayey interbeds; few fine gravel; micaceous.

(BASE OF FILL).
SILTY SAND (SM); brown (7.5YR 4/4); dry; 80% fine
sand; 20% fines; (NATIVE).

Poorly Graded SAND (SP); medium dense; dark yellowish
brown (10YR 4/4); wet; 95% fine to medium sand; 5%
fines; no cementation.

SANDY SILT (ML); olive brown (2.5Y 4/4); moist; 51% low
dry strength, no to slow dilatancy, low toughness fines;
49% fine sand; few concretions.
Poorly Graded SAND with Silt (SP-SM); dense; olive
brown (2.5Y 4/4); moist; 88% sand (mostly fine sand, little
medium sand, few coarse sand); 12% fines; with few
clayey interbeds; few fine gravel; micaceous.

2" sandy silt lens at 39.8'.

LEAN CLAY with Sand (CL); olive brown (2.5Y 4/4);
moist; 80% medium plasticity, medium dry strength, slow
dilatancy, medium toughness fines; 20% fine sand; with
concretions.
SILT (ML); olive brown (2.5Y 4/4); moist; 88% low dry
strength, rapid dilatancy, low toughness fines; 12% fine
sand.
SILTY SAND (SM); very dense; light yellowish brown

Color changes to light brownish gray (2.5Y 6/2) at 35'.

S10A_025_027S

Engineering Support Services
Urban Levee Geotechnical Evaluations

S08B_021_021M
S08A_021_022M

Switched to rotary
wash at 21.5'

S11B_030_031S
S11A_031_031S

S12A_035_037S

S13A_040_040P

S14A_040_041S

DN: Thickening
mud at 41.5' to get
better recovery

S09A_022_023P
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Draft 4 After Final Markups  5/21/2008
LOG OF BORING
WRARFC_003B

County: Sacramento

Levee Station or Milepost: STA: 5048+89  OFFSET:  2.4 Left

Channel / River Name / Feature: Arcade Creek
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FIELD CLASSIFICATION OF MATERIALS
(Description)

Borehole Location: Crest of the Levee
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SILTY SAND (SM); olive brown (2.5Y 4/4); moist; 60%
fine sand; 40% fines.

(2.5Y 6/3) to grayish brown (2.5Y 5/2); moist; 84% fine
sand; 16% fines; weak cementation.
SILT (ML); very dense; olive brown (2.5Y 4/4); moist; 91%
low plasticity, low dry strength, rapid dilatancy, low
toughness fines; 9% sand.

SILT (ML); very dense; olive brown (2.5Y 4/4); moist; 95%
low dry strength, rapid dilatancy, low toughness fines; 5%
sand.

SANDY SILT (ML); olive brown (2.5Y 4/4); moist; 60% low
plasticity, low dry strength, rapid dilatancy, low toughness
fines; 40% fine sand.
SILT (ML); very dense; olive brown (2.5Y 4/4); moist; 95%
low plasticity, low dry strength, rapid dilatancy, low
toughness fines; 5% sand; grades sandy with depth.

SILTY SAND (SM); very dense; olive brown (2.5Y 4/4);
moist; 70% fine sand; 30% fines.

Wet; fine to medium sand at 61'.

74% sand, 26% fines at 64'.

55% sand, 45% fines, strong cementation, with numerous
fine to coarse sand-sized and fine gravel-sized
concretions, with oxide staining at 65'.

SANDY SILTY CLAY (CL-ML); olive brown (2.5Y 4/4)
mottled with dark yellowish brown (10YR 4/6); wet; 51%
low to medium dry strength, slow to rapid dilatancy, low
toughness fines; 49% fine sand; with oxide staining.

SILT with Sand (ML); very dense; olive brown (2.5Y 4/4);
moist; 73% no dry strength, rapid dilatancy, low
toughness fines; 27% fine sand.
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SANDY SILT (ML); very dense; olive brown (2.5Y 4/4);

20

SILTY SAND (SM); olive brown (2.5Y 4/4); moist; 70%
fine sand; 30% fines.

24

Engineering Support Services
Urban Levee Geotechnical Evaluations

CLAYEY SAND (SC); olive brown (2.5Y 4/4) mottled with
dark yellowish brown (10YR 4/6); wet; 85% fine sand;
15% fines; with oxide staining.
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S19B_052_053P

S20B_055_056S

S16B_045_046S
S16A_046_046S
S17A_047_048P

S18B_050_051S

S19A_054_054P

S24A_069_070P

S24B_068_068P

S24C_067_067P

S23A_065_066S

S22A_065_065P
S22B_064_065P

S21A_060_061S

DN: Thinks low
recovery is due to
material type and
not to drilling fluid
thickness

S20A_056_056S

S18A_051_051S



Borehole terminated at 76.5 feet.  Backfilled with 5%
bentonite grout.

56

50/
5"

LEAN CLAY (CL); light olive brown (2.5Y 5/3); dry; 87%
high to very high dry strength, no dilatancy, medium to
high toughness fines; 13% fine sand; strong cementation.

70% sand, 30% fines at 74'.

SILTY SAND (SM); very dense; olive brown (2.5Y 4/4);
moist; 85% fine sand; 15% fines.

moist; 58% low plasticity, low to medium dry strength,
slow dilatancy, low toughness fines; 42% fine sand; with
concretions; grades sandier with depth.
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Borehole Location: Crest of the Levee

B
lo

w
s 

pe
r 6

 in
.

P
P

 o
r T

V
, t

sf

N
60

(A
S

TM
)

S
am

pl
e 

Lo
ca

tio
n

B
lo

w
s 

pe
r F

oo
t

M
at

er
ia

l
G

ra
ph

ic
s

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

D
ep

th
, f

ee
t

Fi
ne

s,
%

 <
 #

20
0

REMARKS

5
26
30

Channel / River Name / Feature: Arcade Creek

LOG OF BORING
WRARFC_003B

27
50/5"

Draft 4 After Final Markups  5/21/2008

LABORATORY DATA

Levee Station or Milepost: STA: 5048+89  OFFSET:  2.4 Left
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SANDY LEAN CLAY CL
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SANDY SILT ML
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ARS REACH B – AMERICAN RIVER SOUTH – U4 LM 3.90 

 

STRATIGRAPHY INPUT 

BORING LOGS 

LABORATORY TESTING 



Average 
% Fines

Average Field N 
(blows/ft)

Average N60 

(blows/ft)1

Average 
Normalized Blow 

Count, N1,60 

(blows/ft)2

Torvane (tsf)
Pocket 

Penetrometer 
(tsf)

Average Unit 
Weight (pcf) PI LL LI

1
Poorly Graded 

Sand to Silty Sand 
(SP-SM)

SP-SM 0.00 22.10 49.70 27.60 22.10 19 12

2 Levee Foundation 
Silt (ML) ML 22.10 32.10 27.60 17.60 10.00 54 6

3
Poorly Graded 
Silty Sand (SP-
SM) with Clay & 

SP-SM 32.10 54.60 17.60 -4.90 22.50 10 13

4
Poorly Graded 

Gravel & Cobbles 
(GP)

GP 54.60 70.70 -4.90 -21.00 16.10 47 49

Silt d Cl (CL

Comments

AMERICAN RIVER WATERSHED - COMMON FEATURES PROJECT

AMERICAN RIVER SOUTH RB U4 LM 3.90
Table F-2-10: Permeability and Strength Selection for Analysis

2F-96-29, 2F-00-
9W, 2F-00-114,

WCSBAR_003B, 
2F-99-17, 2F-97-

23

Elevation of 
Top of Layer
(ft, NAVD 88) 

Elevation of 
Bottom of Layer

(ft, NAVD 88)

Layer 
Thickness (ft)

Average Depth
 to Groundwater
During Drilling

Laboratory and Field Data

Boring 
Number

Top of Boring 
Elevation 

(ft, NAVD 88)
Layer ID Soil 

Description
USCS Soil 

Classification

Depth to 
Top of 

Layer (ft) 

GENERAL REEVALUATION REPORT - GEOTECHNICAL ANALYSIS

13.3049.70

Depth to Bottom 
of Layer (ft) 

5 Silt and Clay (CL-
ML) ML 70.70 82.80 -21.00 -33.10 12.10 71 73

6 Cut-off Wall SCB WALL

7 Impervious Clay 
Cap CL

Total Depth (ft.) 82.80

Horizontal 
kh (kx) 
cm/sec

Anisotropy Ratio
 kh/kv

Vertical 
kv (ky) 
cm/sec

Horizontal 
kh (kx) 
ft/day

Vertical 
kv (ky) 
ft/day

Total 
Overburden

 Pressure at Mid 
Layer

 During Drilling 
(psf)

Effective 
Overburden 
Stress at Mid 

Layer 
During Drilling 

(psf)

OCR from N60
3 OCR from LI3 Su from N (psf)4 Su/'o from PI 

(psf)4

Calculated 
Maximum

Past Pressure 
(psf)5

Drained Friction 
Angle7 OCR 'p (psf) Su (psf) Su/'o ' C' (psf) ' C' (psf) (pcf)

1 1.00E-03 4.00 2.50E-04 2.835 0.709 0 0 33 0 125

2 2.00E-04 4.00 5.00E-05 0.567 0.142 0 -861 30 0 120

3 5.00E-03 4.00 1.25E-03 14.175 3.544 0 -1875 33 0 125

4 1.20E-02 4.00 3.00E-03 34.020 8.505 0 -3079 35 0 135

Layer ID

Recommended Hydraulic Conductivity Strenth Coorelations Strength from Lab Test Data Recommended Strength Parameters

Comments

5 2.00E-04 4.00 5.00E-05 0.567 0.142 0 -3959 30 0 120

6 1.00E-06 1.00 1.00E-06 0.003 0.003 0 0 0 50 85

7 1.00E-05 1.00 1.00E-05 0.028 0.028 0 0 #VALUE! #VALUE! 28 50 115

ARS_RB_U4_LM_3.90.xlsm: Stratigraphy
1 of 1 1/30/2013



4 I 3 I 2 I i I 

2 F - 00 - 9W 

, 
t .: 

2 F -
DEPTH 

00 - 9W CONTINUED FRO M PREVIOUS COLUMN 
N GR SA Fl LL PI MC 

STA. 6+920 DEPTH 

EL.10.40 m (34.12') 0 (37.5') 11.43 m 
N GR SA FI LL PI Me 

- - - ' -. 

SP-
SM - - - - - -

- - - - - - f-
21 r 
f-

C 
( 41.5') 12.65 m f-

Hard drilling at 12.65 m (41.5') 

(5.0') 1.52 m -r I-r --
I- 11 52 37 - - -

11 
(6.5') 1.98 m l- f- t- I- I- I- f-

C/l 

~ 
CD 

SILTY SAND SM' Firm; CD 

SM 
0 

moist; light brown; fine sand; u 
trace grovel and organ les a GRAVEL AND COBBLES GW' z - - - - - -

« Very dense; wet; sandy grovel with cobbles. 

--l 
son cJossif,cotion was based on drill response, 

I- ~ 
drill cuttings and slow drilling rate 

[ 
14 « - I-

a:: 
- - - - - - <.!l I-[ 

(52.0') 15.85 m f--
f- - - - - - -c 

I- (53.0') 16.15 m R r, '66 127 l- I-I-
10 At 4.57 m (15.0') as above except loose (53.5') 16.31 m f- t-t- Ic;.... l- I- f-
I- SC 

!:a.AYO: SA!!!D, S!:;· Very dense; 
wet; gray. fin. to medium sand 

(17.5') 5.33 m I-- - - - - - -

(56.0') 17.07 m I---
B 

- - - - - -I 
(20.0') 6.10 m f- l- I- l- i- f- SANOY SILl MI; 

ML I-
Stiff; moist, dark brown; 

1 45 54 - - - trace grovel and organics 
10 SA~DY LEI\~ CLAY 

(21.5') 6.55 m I- CL - - - - - - CL' Very dense; 
r-l- I- l- .- r- wet; light gray. fine sand 

- - - - - -
(60.0') 18.29 m r-l- I-f- - f- ~ Q IE: 5 : 

(22.0') 7.01 m f- l-O 49 59 33 9 33 1. SEE FIGURE 8-1 FOR LEGEND AND NOTES. 
R 

(61.5') 18.75 m 

B.O.H. 

I-
6 

I- SILlY S~t!D, Sb!: Loose; - - - - - - - moist to wet; brown l-
L 

SM 

(29.0') 8.84 m¥ 

(30.0') 9.14 m r-l- I- I- - f- At 9.14 m (30.0'), as above except 

I-
\'ery IIgh t gray brown with brown and 

o 86 14 - - - red; fine sand 
10 

(31.5') 9.60 m l- e-l- I- I- - f-
L 

- - - - - -
(3:5.0') 10.06 m I--

A - - - - - - Switch from auger to mud rotary drilling 
procedure at 10.06 m (33.0') 

{ 
(34.5') 10.52 m l-t- I- t- -I-

SP-I- ~QQBL:t GB~DED SA~D l!dIl:l SILl ~ SM' 
SM 

a 90 10 - - - Very firm; wet; light gray 26 GBA~HIC 

(36.0') 10.97 m l-I-l- I- I- -I-
SCALE 

0 o.a I 1.5 2 2.5 L 
SCALE 1 : 25 I I I Ii I I I I I METERS - - - - - -

(37.5') 11.43 m 

CON TIN U E D 

OEPARNENT C1' THE ARMY DEEP CUTOff WALL FIELD INVESTIGATION FIGURE 
IN N EXT COLUMN 

CORPS Of ENGINEERS 
AMERICAN RIVER WATERSHED PROJECT SACRAMEN TO. CALIFORNIA L. 

(COMMON FEA lURES), CAUFORNIA PIEZOWETER INSTAUAlION PROCRAN 8-7 l£FT (SOUTH) BANK LEVEE STRENCTHENING URS Greiner 
CONTRACT 2 Woodward Clyde LOO Of" EXPLORA liON 

OAKLAND, CAUFORHIA 2F-QO-IIW 

" \ "' .~.DC''''\.''~''' .'\Tf''Uun.t''''''nt''I'DC'e\''~ ... I\ __ t"".'_"7I11,116,1D -( I I I 
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~ ~ 
tJ ~.I' :,'; '-' r- ". u: -«:::?: 
0:::.....- or-

~~II 
~C 
~, , 

4 

2 F - 00- 1 1 4 
STA. 6+500 

DEPTH N GR SA FI ! L PI MC 
EL 14. Om (45.9') 0 .,---'-:-:""':=~~:...:,=-r,:",:",rr-----------------

I--

25 

MH-
SANDY ELASTIC SILT. MH: Dense; moist; 
brown; about 60% lo'lv plasticity fines; abcut 
40% fine sand; trace of organic matter; 
easy drilling 

(3.0') 0,91m" - ... I-+---f-- - - -f--. I-- .. - .. ----------------

(G.O') " .83m -

(9.0') 2.74m 

SM 

'1-0') 4 <=.7 I, ~. , ...... , m 

t--

10 
~ 

SiLTY SAND, 9A: Firm; moist; brown; obout 
70% fine to medium sand; about 30% low 
pl.~slicity fines; trace of Clrgonic motter 
(roots); easy drillin';J 

- -I- - -f- - - - -

f...-
8 2 85 13 . 

I--t---t- +- -j- .j--

- - - -1- -
1--1- -f- 1 -f-

8 
I--

I--

13 
I--

I 

I 

-1- -
I 
j 

SILTY SAND, S~1: Firm; dry; grayish-brown; 
flee to medium ,';ond; low plcsticity fines; 
trace of hard. coarse, subrounded, sand; 
eosy drilling 

SILTY SAND, SM: Firm; moist; brown; about 
70% fine to medium sond; obout 30% low 
plasticity fines; trace of or;Jonic matter; 
easy drilling 

~ -r- J -f--

I-- 0 70 30 -1-
9 

I ~_--: _1_ ~ 
SILTY SAND. SM: Firm; moist; olive-gray; 
mostly fine sand; low plasticity fines; trace 
of organic matter; easy drilling 

'-../ (18.0') 5.49m 1--1--__ - f-_ --+ -f- -SIL-TY-~A-N"D -S-M -F-' - -. t d-' --k -.- '-h-, I::' , : Irm; mOls; or grayls-
1 :35prn 5/2/00 brown; obout 70% fine sand; about 30% low 

13 plasticity fines; perched wuter; eosy drilling ( 1 9.2') 5 ,85 m +---1 1---+_l--+-+-+--j_c..:.::.=:::.:!.-"~;.!.....=..::::..:.=_"_'_.:.:.::.'_'__.:..:c.::.L......:c....c"'_'_''''__ 

I-- I POORLY GRADED SAND WITH SllL...SP-SiV: 
SP- _ _ _ _ Firm; rnoist; dark gray; abcut 9U

I 
%tfi,ne tc 

SM - medium sand; about 10% low pas IClty 

(21.0') 6.40m -+---1 
fines; easy drilling 

I--
7 

CL -- ... 

I FAN CLAY WITH SAND, CL: Stiff; very 
moist to almost wet; very dark grayish
brown; about 85% medium plasticity fines; 
about 15% fine sand; trace of organic 
matter; easy drilling 

(24.0') 7.32m· f--- --1--+-+--+-+-+------------------
I--

[J 475,3 - - 1 1 
10 

MI .. 

:;z (27.0') a.23m +---1 
8:55am 5/2/00 

CL 

I--

1 1 
I--

SANDY SILT, ~~L.: Firm; mcist; very dork 
groyish-brown; low plasticity fines; fine 
sond; easy drilling 

LEAN CLAY WITH SAND, CL: Stiff; very 
moist to almost wet; olive-gray; about 75% 
medium plasticity fines; about 25% fine 
s~nd; perched woter; eosy drilling 

(30.0') 9. 1 4m --.. -l--+-+-+--j-l---;:::-:.,.-;-;::-~:::_:_;_c~~-_;::_;c~_:__~_;:__~~:_:::_=_=_-
SANDY SjL.Liv1L: Stiff; moist; block; non 

I--
8 01 39 61 - NP 21 

MI. t--i--t-L I -I-- I -j- I--

-1- - - - -

plastic fines; fine sand; troce of organic 
matter; easy drilling 

From 9.5m (31,3') t09.6m (y, A'), 
contains sand lens 

(33.0') 1 O.06m -+---1 I-i-+--+-+-+-+------------ - .. -
1 I--

14 

SC I--

(36,0') 10.97 m +--. 
I--

14 

I--

1 -1- - - - - CLAYEY SAND, SC: Firm; moist; very dark 
gray; about 80% fine to medium s(Jnd; 
abolJt 20% medium plasticity fines 

SILTY SAND, S~I: Firm; very rnoist; very 
dark grcy; abod 80% fine sand; about 20% 
low plasticity fines 

:;z (3)1.0') 11.90rTI - Sr,1 - - - - - - At 11.9m (39,0'), as above except wet; 
flowing sands 10:20~m 7/21/00 1-

1 1 

I--

(42.0') 12,80m -'---' 
I 

._ __._ . '-;-::._L..L_--:---:--:---:---:--=---:-_~---------
(Continued in Next Column) 

3 2 

2F-OO-114 
DEPTH 

(Continued from Previous Column) 
N GR SA FI LL PI MC 

(42.0') 12,80m -,---, 

H POOR.LY GRADED SAND. WITH S'lT,SP-Sfk 
SP- '1

0 "12 R - NP -Firm;·wet;· very';Jork grcly;-h'urd, -ririe to· 
SM 11 coarse, subrounded sond; nonplastic fnes; 

I--"~ _--= .:::-j-_ -I--=- flowing sands; switchea to ml,;d rotary 
(44.0') 1,3.41m +---1 j-- -[- 1- -f-- - - - - - - - - - -

SP 

I--

12 
I-- -

1 

POORLY GC;;ADED SAND, SP: Firm; wet; very 
dark gray; about 95% fine to mediJrn sand; 
about 5% non~lasti~ fines 

I (47.0') 14.33rn -+---j ,I--, --+-+-+-+-I-~----------------- .. -

r~_2-+._0-+87_~ _:P J S.LTY SAND, Sf A: Firm; wet; very cClrk gmy; 
SM fine to medium sand; nor plastic fines 

1- - - - - -I 
(50.0') 15,2m -+---1 '··-+--1-+- 1-+-----------------

~ - - - -

(53.:)') 16.16m 
SP
SM 

POORLY GRADED SAND WITH SILT, 
Firm, wet, very dark g~ay, about 
to medium sand; 10% nonp'astic 

SP SM: 
90% fine 
fines 

1 [ 

~ -I- 1- -f-j- - - - - - - - - -

h1 ~ 77 7 NP POORLY GRADED SAND WITH SILT AND GRAVEL 
155! 0 - - SP-SM: Very dense; wel; dork gray; nard, 

.1 _j--I_ fine to coarse, subrounded scmd; hard, sub-
I 1-[ rounded grovel maximum particle size >38mm 
'I'" - ..... - - (1-

d
l/

1
2"); nOII~~lostiC finets; vdery rb';',ugh, hard 

. - an sow cn Ing; encoun ere co "les 

(56.0') 17,07m -+---j i 

1 

(>n fl') 2 - 'F' -,-,u, _ _J.c.J'u'm 

Vi 
W 
....J 
CD 
CD 
o 
() 

At 18,6m (61.Cn, flow;ng scnd '1/th clear 
water 

At 19.5m (64,0'), gravel anc cobbles with 
abundant water 

i\t 21.,)m (70.i)'), lost circulation, 5 
batches of mua mixed and placed down 
hole 

At 22.9m (75.0'), bringing '-'p gravel and 
fine sand, cbundant water; flowing sands 

At 24.4m (80.0'), very fost, eosy drilling 
throuah fine scmd; abundant water and 
flolVing sands 

~ -'-- ,- - - -- -- -- -- -- --
(Continued in Next Column) 

2 F - 00- 1 1 4 
DEPTH N GR SA 

(Continued from 
FI LL PI ~AC 

Previous Column) 

(83.0') 25,30m-
(/) 
W 
....J 
CD 
OJ 
o 
U 

,---- - -,.- --

A: 26.2m (86.0') bringing up clayey 
material; nD appreciable amount of 
water; switched to CalMod sampler 

....J 
W 
> « 
0::: 
(') 

(87.5') 26.67m +---1 SILTY SAND, SM: Very dense; moist; dock 
-

Stv1 G 52 42 - NP 32 
73 

grayish-brown; mostly fine sand; nonpiostic 
fines; g;-ove! rlloximurn particle size 76mrn 
(3") ...... ___ ._ .... __ ....... __ _ 

(89.0') 27, 13m ...f---!.-I.--+--+--l-+--I--+r-;S"A~N~D;;;Y;c:S"'1 L' T, M L: Very de nse; moist; dark 
- grayish-brown; nonplastic fines; mostly fine 

-L.._~~_L---L_7 4.....L._l-'--3_6.L6_3..L..--'-N_P--'-2_9.L..-'('-'-~-:c,~)'-d_;._g_r_aVel_rna_x_i m_~=_, "_J o~t_i C_.I e_ S_i z_ .. e_, __ 7_6_' m_r_n_ 
(90.4') 27.55m B.O.H, 

STANDARD PENETROMETER DESCRIPTIVE DATA 

COHESIONLESS 

BLOWS * 

0-4 

5-10 
11-20 

21-30 
31-50 

51+ 

RELATIVE DENSITY 

VERY LOOSE 
LOOSE 
F'IRM 
VERY FIRwl 
DENSE 
VERY DENSE 

COHESIVE 

BLOWS * 
0-1 

2--4 
5-8 

9-15 
16-30 

31+ 

CONSISTENCY 

VERY SOFT 

SOFT 
FIRM 
STIFF 
VERY ST,FF 
HARD 

*BLOWS PLR 0.3 m OF PENETRATION OF A 51 mm O.D. 

LEGEND, 
AND 35 mm LD, S/\~~PLER DRIVEN BY .A 6,).5 kg H!>.MMER, 
WITH A 0,76 m FREEF/IU. 

N NUMBER OF BLOWS WITH THE STANDA.RD PENETROMETER 

GR GRAVEL, PERCENT BY WEIGHT PASSING THE 76mm (3-INCH) SIEVE ,l\ND 
RET!\INED ON THE NO. 4 SIEVE 

SA 

FI 

LL 

PI 

IvIC 

NP 

SM 

B.O.H. 

R 

.A 

:;z 

"'llf) 
W 

-'-' Wco 
~co 
cr.: 0 
0° 

NOT E S 

SAND, PERCENT BY WEIGHT PASSING THE NO. 4 SIEVF AND RETAINED 
ON THE 1\0, 200 SIEVE 

FINES, PERCEt--IT BY WEIGHT PASSING THE NO. 200 SIEVE 

LIQUID LlfAIT 

PLASTICITY INDEX (LIQUID UMIT MI~IUS PL!>,STIC LIMIT) 

LABORATORY DETERMINED iVOISn:RE CONTENT II~ PERCENT OF DRY WEIGHT 

NONPLf\STIC 

COMBINED F'.ELD VISUAL IDENTIFICATIONl\ND/OR LABORATORY CLASSIFIC!\TION 

BOTTOM OF HOLE 

REFUSAL WITH THE STANDARD PENETROMETER (SEE NOTE W) 

ATTEMPT WITH THE ST!>,~;DAR[) PENETROMETER (SEE NOTE 11) 

WATFR LEVEL 

COBBLES WITH MATRIX MATERIAL (GRAVEL. SAND AND FINES) 
IvIATRIX MATERIAL IS CL!>SSIF'IED IN .ACCORDANCE WITH ASm STANDARDS 

1. THIS DRAWING IS TO BE USED ONLY FOR APPROXIMATE DESCRIPTIONS OF SUBSURFACE CONDITIONS, 

2, SOIL CI.ASSIFICATIONS AND DESCRIPTIONS ARE BASED ON FIELD LOG DESCRIPTIONS IN ACCORDANCE 
WITH ASTM D 2488 (DESCRIPTION AND IDENTIFICATION OF SOILS, VISUAL-MANUAL PROCEDURE) AND/OR 
LARORATORYllST RESULTS IN .ACCORDANCE WITH ASTM D 2487 (CLASSIFICATION OF SOILS FOR 
ENGINEERING PURPOSES) . 

3. ALL COLORS SHOWI\) ARE IN ACCORDANCE WITH THE MUNSELL SOIL COLOR CHART. 

4. ALL SIEVE SIZES SHOWN ARE iV,ETRIC WITH U.S. STANDARD IN PARENTHESES, 

5, BORING 2F-00-114 W!>S DRILLED BETWEEN 2 IvIAY AND 21 JULY 2000 USING lIN INGERSALL RAND 
A-400 DRILL RIG UTILIZING ,l\ 152mrn (6") O.D, AND A 203mrn (8") HOLLOW STEM FLIGHT AUGER. 

6. WHERE COBBLES WFRE ENCOUNTERED, LABORATORY GRADATION DATA REPRESENTS MATERIAL PASSING 
THE 76mm (3-INCH) SIEVE. PARTICLES LARGER THAt..; THE INSIDE DIMAETER OF SMAPLER WERE 
NOT RE:COVERED. HENCE, ALL GRAVEL .l\~D COBBLE LAYERS REFERENCED IN SOIL BORINGS CON-
TA!NED LARGER PARTICLES OF GRA\/EL AND COBBLES TH.AT /I,RE NOT REFLECTED IN THE LABORATORY 
GRADATION TEST RESULTS SHOWN IN THE SOIL BORING ~OGS. 

7, STAND.A.RD PENETROMETER DAIA. WERE OBTAINED IN ACCORDANCE WITH ASTM D 1586 UTILIZING A 
610mm LONG STANDARD 51 rrm O.D, BY 35mm I.D, SPLIT BARREL SAMPLER, THE SPLIT-SPOON 
PENETROMETER WAS DRIVEN USING AN AUTOMATIC-TRIP, 63.5 KG SAFETY HAMMER, ALL SPT "N" 
VALUES ARE "FIELD", I.E. UNCORRECTED FOR DEPTH. 

8, GROUNDWATER WAS ENCOUNTERED AT THE mAE OF EXPLORATIONS; GROUNDWATER LEVELS CAN BE 
EXPECTED TO FLUCTUATE IN RESPCNSE TO RAINFAI .. L VARIATIONS, PARTICULARLY IN THE VICINITY OF 
SITE DR!>.INI\GE FEATURes' 

9, DEPE:NDING ON THE SOIL MOISTURE AT THE TIME OF CONSTRUCTION, THE SOIL ENCOUNTeRED MAY 
BE UNSTABLE OR POTENTI.l\LLY UNST,I\8LE, THE PROBABILITY OF UNSTABLE CONDITIONS IS HIGHEST 
WHEN THE SOIL \AOISTIJRE IS GREATEST. 

10. REFUSAL WITH THE STANDARD PENETROMETER IS DEFINED AS ONE OF TilE FOLLOWING: 
A. 10 BLOWS FOR NO APPARENT ADVANCEMENT OF THE SAiv<.PLER; OR 

B, 50 BLOWS FOR 'LESS THAN 152mm (6") ADVANCEMENT OF THE SAMPLER; OR 
:::. 100 BLOWS FOR Ei2mm (6") TO 457mm (18") ADVANCEMENT OF THE SAt,1PU:.R. 

11, ATTEMPT WITH THE STANW\RD PENETROI\~ETER IS DEFINED AS REFUSAL WITHIN THE FIRST 152mm 
(6") OF SEATING PENETRATION, 

,&. 12. ADDITIONAL LOGS OF EXPLORATIONS ARE SHOWN ON SHEET NOS. B-4 THROUGH B-17 AND B-19 
THROUGh B- 21. 

GRAPHIC SCALE 
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DEP1H 
EL 12.8 m (41.9') 0 

SP-
SM 

(2.0') 0.61 m -
SM 

(4.0') 1.22 m -
C 

(6.0') 1.83 m 

ML 

(8.0') 2.44 m 

(10.0') 3.05 m -

SM 

(13.5') 4.1 1 m -

(15.0') 4.57 m 
SC 

-

8 
(20.5') 6.25 m 

ML 

(24.0') 7.32 m 

(27.5') &38 m I--

SM 

(,,,.0') 9.45 m r-

ML 

(34.5') 10,52 rn --

A 

4 

2F-96-28 
N GR SA FI LL PI Me STA. 4+731 

(34.5') 

~ -1+ -1- -
i I 

-1-1-1- 1 
I 

40 - -, 
I I ' I 

-..j : 

EQQB!.Y GB8Q!;;Q S~i:SO \.1'IIl:l S:!l I S£;-SM: 
moist; brown; about 90% fine to coorse, eng 
to subrounced sond; about 10% low plastldt 

DerH'J'J; 
uier 

y fines 

511 TY SAND SM: Dense; moist; brown; abo 
fine to coarse, an~Ulor to subrOUrlded sand, 
15% low plastic,ty mes 

ut 85% 
about 

(3B.O') 

'PT 1 <::ANDY sa T M\ Very stiff, mOIst, bro ...... n, about 
medium ;! - -h --- 65% low plastICity""'" cbout 35% fine to 

- ! ~ Willi SAND ML Stiff; moist; very dark 

3 

10.52 m 

1 1.58 m 

-- -t"-d -------
14 -- -ij -H _., -~ ".~, -. o,.'"~ , medIum send 

gray; 
e to {41.5"} 12.65 m 

- --,-----, I , I I I Sit T Willi SANQ.M!.,; Stiff. mOIst, ol>ve-bro 
13 - - - i - - - about 75% low plast!city fines. about 25% fin 

i i medium sand 

wn; 
, to 

- I' 
~ -1- .> - - I -

I I 

- I 1 I I 
11 

I 1-1-)-

SJLIY SAND. SM: Very firm; moist; dark br own; 
round-about 75% flne to coorse, subanj;lu!or to sub 

sd sond; about 25% nonplostic fines 

-

CLAYEY SAND SC' Firm; moist; olive-hrow 
to coarse, mostly medium, subcngular to au 

n; fine 
bround-

(43.0') 13.11 tTl 

2 

2F-96-28 

CONTINUED FRO M 
r-- N GR SA FI LL PI Me 

r I 

PREVIOUS COLUMN DEPlli 
EL 14.1 m (46.1') 0 

SILTY SMJD 3M: Loose; mOIst; very dark gray, 
about 87* fine to medium sand; about 15% low plas
ticity fines 

~O __ I ___ _ 

W -- r t- --
!-' 
14 

SM 
r-- SilTY SANQ.....sM: Firm; wet; very dark .gray, aDout --1- --- 85% fine te medium sond; about 15% low plastlc!ty 

fine; organic materie! present 

I +- t- _________ . 

~ , ~2111-7 ~IN~-
-1-1- t-

51! TY SA.liQ....~: Loose; wet; very dork gray; fine 
to medium sand; nOnf'lostic fines; grovel moximum 
particle size 10 mm l3/8~); organic material pres
ent 

I-
r 

8 
r 

sp
SM 

I I I 

I I 1 POQ8LYGRA,!@ SAND WITH ~ Loo,.; 

-! -1- - - -I ~~~·ul~~~~t~r~~~~e3b:ou;d,g~io~te16~ ~~~r:I~str~b-I ! . t fine!>, organic materlol present, 

0,61 m 

(4,0') 1.22 m 8M 

(6.0') 1.83 m 

(8.0') 2.44 m -

Sp-
SM 

(11.5') 3.51 m 

(13.5') 4,1 1 m -
t 166 33 2818 ~ 

_1 __ 1_1-1_, ed sane!; low plastklt¥ fines; gravel maximu 
ide size 19 mm (3/4); charcoal moterial PI n:~~tt50.0') 

[;1 II II 15.24 m..\.,,--'-..L-'-...l.-'-'-'-L8'ccO~------->--------
.. H. 

3M 

I ' 

-
10 
- - - - Stiff; moist; brown; obout 55% -1--

1 I I 

s~rsQX SII T M\: 
low plasticity fInes; about 45% fine to mediu m sond 

(31.0') 9AS m , 
- rn--- -- -- -- -- -- -

-
8 

_ '_ _ _ _! SANDY SILT l: Firm; moist; brcwn; - - about 

(32..0') 9]5 m 

60% I I' I. I I low plc,tic,ty ~ioe" cbo,' 40% flne to mediu m sond 

-
II ~ tl -'. -- -- ._- -- -- -- _. 

, I 
6 I I r - - +IT 

I 

r 
I II 1 

8 
r -1- -l -I 

I 
' I I 

I 'I , 
r I, 

I I 
10 ! I I t- I I , 

IIDJ 
-, 

1 

I 
I I 

~~ FIrm; moist; derk gray; obout 90 % low 
plasticity fines; about 10% fine sand 

SILTY SAND SM; loos.s; moist; very dark 9 
about 60% fine sand; about 40% nonplosifc f 

SANQY SII T ML.: Stiff; moist; very dark gra 
about 60% nonpiostic fines; about 40% fine 

~ 
sond 

CONTINUED I N N EXT COLUMN 

(34.5') 10.52 m 

(38.0') 1 1.58 m 

(4"5') 12.65 m 

(43.5') 13,26 m 

(45.0') 13,72 m 

CL 

SM 

2F-9S-29 

CONTINUED fROM NEXT COLUMN 

POQRlY GRADED SAND WITH SILT. SP-SM' Leose; 
moist; very dark grayiSh-brown; about 90% fine 1:0 
medium sand; about 10% nonplastlc fines; no reaC
tion with Hel 

POQ~LY GRADED SAND YIlTH SILT SP SM: Firm; 
mois; very dark grayish brown; about 90% fine to 
medium sand; obowt '10% nonplostic fInes; no rMC
tior. with Hel 

.lEAN C! A Y wrru SAND GL: Very stiff: moist; 
very dod< grayish-brown; about 80% medium p~os
t!oity fines; about 20% fine to medium send: no (e
odlon with Hel 

(17.0') 5.18 m -

Sp-
SM 

(21.0') 6,40 m 

MH 

(24.0') 7.32 m -

(25.5') 7,77 m , 

ML 

(27.5') 8.38 m -
Sp-
SM 

(28.7') 8.75 m -
MH 

(31.0') 9.45 m -

2F-96-29 
N GR SA FI Ll PI Me STA. 5+904 

- I 

-I-59 - -
-
~ r 

-

' . I 811 IT SAND WiTH GRA'lEl, SM; Very deo,., 
lIewish· brown; about 60% fit'.G to coarse, S 

- - for to subrounde-d sand; about 25% )ubongut 

moist; 
ubongu
or gravel 

15% low 
rilling _ plosticity fines; ~eoction ~ C~os~ 

~: Dense; moist; ye!lQwish-br 
about 8 % fine to medIum sand; about 15% 

own; 

32 - - -

H",mum pocHcle ,;,. 19 mm (3~4": obout 

-j- - ticity to nonplqstic tines; trace of gravel mo 
!ow pl(ls
ximum 

~ 

-'r--
13 -'-1--

r-
-

tI poclido sl,. 13 mm (1/2"); !coce of chocooo 
ent; no reaction with Hel; no odor present; 

I SII TX SANDSM.---;:;rm~o·I~e\lowish-bro 
-obout 85% fine to medium sand; about 15% - - -D,OStlC to low plastidty floes; no csactlon w1t 

~ no ~dor P~rit~_sy_~ng ______ 

I pres
easy drlilin 

wn; 
nOI)-
h Hel; 

I Sll TY SAND SM; Firm; moist; yeUowish-bro 

15 - l wn; 
low I about 80% fine to medium sand; cbout 20% 

- - - plasticity fines; no reoctlon with Hel; no ado r pres-
-
-

-1-14 - -
- +~ t- l-
-, 

2 92 

l lNP 9 

--I~ - -

-

-I-I- I 9 
-

I 
-
15 

-
- - - - -

1 
I I I 

5 I . I 
-- -1+ - -

, I 
-0 25,753,1 J 
4 1-- -

-1- 1- 1 -
-

- I -
4 

- , , 

1- - - -I-
I 

-

t-

"-

-I 
I 

I 
-

1 

-

-
-

-

-

ent; easy drilling 

lml EQQ81 Y !ZMDEQ Sl:!NQ :WTH 11t L5E:::.:SM: F 
to loose; moIst; brown; fine 0 coarse, most Iy medi

particle 
(lsy dr1Hing 

um sand; non§las~c fines; grave! maximum 
size 19 mm ( /4": no reaction with He!; e 

~!.L.~: Loose; moist.; grayish-bro 
-about 85% ine to medium sond; ,"bout 15% 

wn; 
non
sent; 
driiling 

plostic fines; trace of suof"ounded grovel pre 
no reaction with He!; no odor present; eosy 

eQQBLX GBAOEQ SAt:lQ Willi S!LI, ~ F irm; 
Ins to 
t 10% 

mOist: verE; dark grayish-brown; about 90% f 
coarse, su cmgulor to subrounded sand; obou 
nonplostlc fines; no reaction with Hel; no od 
snt 

or pres-

5LASTlC Sit T MH: Firm; moist; dark brown; 
0% iow plastlcity fines; about 10% fine sand 

reaction with Hel; w-eok iron oxide staining 

about 
; no 

SlbI Willi Sllt:iQ ~H: Soft; wet; dark 
brown; nonplcstio fines; fine sand; 00 

yellowi 
reactl 

,h
on with 

Hel 

P.Q.Q8.l~D SAND lMJ1j ~ILT ~1rSM; 
looss; wet; dark brown; abou 90~ ne sond 

Very 
; about 

10% nonplostk: fines; no reaction with Hel 

ELASTIC <:::11 T MH: Soft; wet; dark yellow!sh 
about 95% low plasticit,,' fines; about 5% fine 
no reaction with He] 

-brown; 
sand; 

CONTINUED IN PREVJOUS COLUMN 
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1. THE LEGENDS AND NOTES ARE SHOWN ON SHEET 8-1. B __ 6 7 
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4 I 

2F-97-23 DEPTH 
EL. 14.2 m (46.5') O~-..,'-N"".I~nr( .. '''~---

I i "I ?lhD'~..M.: Very fwm, moist; dark yeHOWlSh-
1-

1

-1- -i -I - - bcown, oboot 60% Ime 10 med"m ,ond, oboo' 40% 

(3.0') 0.91 m' SM ~l 'Ii J1, i~~;:-~~:~es Loo:-mO:-dO:-~'QWI'h-

(7.0') 2,13 m 

{11.0') 3.35 m_ 

(12.5') 3.81 m 

(15.0') 4.57 m 

(18.0') 5,49 m 

(20.0') 6.10 m .. 

f--l I brown, about 80% fme to medium sond, about 20% 
1 I low plasticity fines 

l~ - - -I. - - -I At 17m (55'), os above ~ept lenses of tJ i E..Q.QBl.':CGRADED SANP SP Qrid ~IX.....S.tili.Q, 

I--~tt i I ~ present 

I -1- - -l-j- ~~~~ ~5;R~~;D t;A:O~rs~;~: su~:;~iarm~s~u:r~u~ded 
r- send; about 5% fines 

6 
I--

Sp r- r- -------------
~ff98 2 - NP 4 
l-'I I-r - t- £.Q.Q..B.LLGRADED SA~.....se loose; moist: fine to 

I II medium, mostly medium with trace of eoorse send; 
1--1_ ,_ _ _ _ _ nooplastic fines 

l---~jjj'.++-+-+-1 +-_______ . ______ _ 
.- , 
6 Ii SILTY SAND SM' Loo$e; moist; dark yellowlsh-

H - - i - - - - brown; about 65% fine to medium sand; about 35% 
low p!ostic1ty fines 

SM ~- +1 j--

il5 01584212613 14 
? i 

.-~ -+- -r-' 
£LTy __ S.At::!D.......SM.: Moist; brown; fine t.Q medium, 
mostly fine sand; nonplostic to low plastlclty fines; 
easy to push tube 

(21.5') 6.55 m _ 
----T 

(28.5') 8.69 m 

(.35.0') 10.67 m 

5 
f--

7 
ML I-

6 
f-

I 
-I-

I 
.su..r....Ml..: Flrm; moist; d<Jrk brown; about 95% low 
plasticity fines; about 5% ffne sond 

~ firm: moist; brown; obout 90% low pl(ls~ 
tlclty flnes; about 10% fine sond 

~ Cl.AY WITH SAND C!: Soft; moist; dork _I brown; about 80% low to medium plasticity fines; 
about 20% fine sand; mud odded to hole in ontici-

t-:
atlon of flowing sonds 

\ ! CL";-tlt -.-----------
f- I' I I I ~eJiQY LEAN CLAY CL: firm; moist; derk brown; 

- - -- J - - about 70% low to medium plasticity fines; about 

(38.5') 11.73 m·1- 1 II 
30% fine sond 

I ______________ _ 
CONTiNU£D !N NEXT COLUMN 

NQTE~: 

t THE LEGENDS AND NOlES ARE SHOWN ON SHEET 8-1. 

3 I 2 

2F-97-23 
CONTiNUED FROM PREVIOUS COLUMN 

(38.5') 11.73 m ,-~ GJRS~llFi h'IP'IMCI 
SM t-- _ _1_ _1_.1_ S!! TY SAND SM, Ftr'n, moist, olive-brown, obout 

I I I \ ~O% fine send, ooout 20% low plasticIty fines 

¥t:41.5')12.65 m I--- I-~+I- - -----
~ 088112 - NP27 

(43,0') 13.11 m SP-r-r-'--' II-I- JJ P.OORLY G.RADED SAND WITH ~u......~ Firm, 
SM W<'lt; olive-brown; fine to medium sand; nonp!ostic 

_ _ _ _ _ I _ fines; water elevation varies 

, I " 
(45.0') 13.72 m-i--- ' .-f-----------------

SM ~ - 1-1- -1-1-1 ~~2t ~t~D fI;~"aolt~~o~t~o~ar~W o~~;;~;~;o*n., 
(48.5') 14.78 m 

(50,0') 15.24 m 

(51.5') 15.70 m 

I--- ~~~ '+88+,-2l--_t
l

,,' 

SfM'r-l--H- . I-+--
J?..Q9RL Y QBADED SAND ¥11TH SIL'IJ..E.:::.:.SM: Firm; 
wet; very dark groy; fine to medium, mostly fint! 
sond; nonplastlc fln$$ 

\ 1-- t--~~4-~+-------------------

H~I I II SILTY SANQ, SM: Firm; wet; very dark grlJY; about 
85% fina to coarse, subongulor to subrounded sond; 

At 16.5 m (53$), as obove except grovels pres-

SM I
· I obout 15% low plastiCIty fines; treces of fine, sub-1-

11

- - - -- - rounded gravel maximum particie size 13 mm (1/2") 

(55.0') 16.76 m t-_i-+-f-1 __ t-i-+-f __ e~c~t,;.~,~o~,~gh~d~,~·ji~ln~g,-________ _ 

84~84112 4 - NP 8 -. + ,-(56.5') 17.22 m 

(80,0') 18.29 m 

(65.0') 19.81 m 

(66.5') 20.27 m 

I- -J -1-
-1- LI II 

[l tI 
-f 84 I 
§r- : 
~ 1- - - -i-I-

GRAVEL AND COBBLES w1th 0 matrix of P.QQill...Y 
GRADED GRAVEl-ill:.: Very dense:; wet; very dark 
gray; Hne to coarse, angular to subrounded grovel 
maximum particle size: 51 mm (2"); fine to coorse, 
ongular to subrounded sand; nonp!osUc fines; switch
ed to 64 rnm (2-1 /2~) I.D. sam pier; rough drilling but 
goed rate of advancement 

-.------------

GRAVEL AND COBBLES with a matrix of POORLY 
,QRADED SAND Sp: Very dense; wet; very dark 
gray; about 95% fine to eoorse, subangulor to sub
rounded sand; about 5% fines; 64 mm (2-1/2") 1.0. 
sampler: rough drl!!ing 

W I I g,~ H At 19.5 en (64.0'), as abo"", ,"cepl smooth dr!lling 

241
23 

66~' _ NP120\--- -- -- ~- -- -- -- -

- I ,- I-t-
, 
-1 GRAVEL AND COBBLES wIth Q matrix of E.QQRl..Y 

~D SAND WiTH SiLT ANQ GRAVEL SP-SM: 

I 
Very firm; wet; ollve; fine to coorse, mostly fine, 
ongular to subrcunded sand; fine, onQular to sub-

_. _~ ~ _ _ _ angular gravel maximum perticle size ~25 rom (1"); 
smooth drf!Hng 

I I 
(70.0') 21.34 rn -t---if7t-t-t-t-+--+--+-----

J':. ' 

(71.5') 21,79 m 

(73.0') 22.25 m 

(78.5') 23.93 m 

o 1'7183 ~ 9 34 

-I- \ -1--1 --, 
-\-

-- ~ ~ -rl-il 

-J --,-I 

ML 

£lL.WJTH SA~: Hard; moist; light olive-brown; 
low plasticity Hnes; fine to medium, mostly fine sand 

At 22.3 m (73.0'), Qtternpted Shelby tube; rock 
in tube, no recovery 

At 23.2 m (76.0'), smooth drilling 

I I 
\---- r-+--L 1 lLANDY LEAN CLAY Ok' Hord! mols!; oli",,-b,owc, 

CL il - ~ '- .- - -~ 30% fine to eOQrse, mostly fine to medium, subon-
r- illlJ 1 about 70% low to medium plosticity fines; about 

_L_..L
4_'L_ J gular to subround~d sond 

(80.0') 24-.38 m--
B.O.H. 

I 
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DEPTH 2 F - 9 9 - 17 
,_T'NTG"R'TS"A FI LL PI Me STA. 6+&99 

El..14.0 m (45.9') 0 'I I 

(10.0') 3.05 m 

(11.5') 3.51 m 

(17.5') 5.33 m 

(20,0') 6.10 m 

(21.5') 6.55 m 

._------

I I 
I 

c-- - -1-
6 

f-

POQR! Y GRAQtD SAND WlJH SO T ~ 
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I-

I 
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1 [I I 
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I I At 4- 57m (15'), os above but 
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SILTY SAND SM; Loose; moist; 
brown; fine Sand; nonp!astic fines; 
tn:lce mice 

At 9,14m (30'), os above but 
becomes firm and sandier 
(about 75%-80% fine sClnd, 
about 20%-25% sift) 

(35.0') 10.67 m '---
l_.L....L...J.-'-..l.-_____ _ 

CONTiNUED iN NEXT COLUMN 

3 2 

2F-99-17 

DEPTH 
(35.0') 10.67 rn 

CONTiNUED FROM PREVIOUS COLUMN 
N CRSA FI LI PI Me " . 

At 10.67m (35'), os above but 
- becomes iDose and wet. 85% fine 

sond, 15% nonplastic fines 
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(49.0') 14.94 m 
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CONTINUED IN NEXT COLUMN 

(70.0') 21.33 m 

(71.5') 21.79 rn 

(75.0') 22.86 m 

(76.5') 23.32 m 

(77.5') 23.62 m 

2 F - 9 9 - 17 
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MH 
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, SILT vtlTH SAND MI' Hord; wet; 

t 
greenish-brown; low plasticity 
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.--:-~5 .5 - --
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-- ~ ,--,- - - -1-

I 
I 1 ELASTIC SILT Mti;, Ho,' we', 
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- - -Iw-I--II 9"o·c
e
';:IS,h brown; medium plasticity fines; 

62 \ 
(81.5') 24.64 m .L_~'_'-L.O_' 
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NQTES: 

1. SAMPLERS USED TO RECOVER SOIL SAMPLES iN 
THE FiELD GENERALLY CONSISTED OF STANDARD 
PENETRATION AND MODIFIED CALIFORN!A TEST 
SAMPLERS RAGING FROM 35mm (1 3/8-INGH) TO 
64 mm (2 1/2-INCH) INSIDE DIAMETER, 
THEREFORE, PAR11CLES LARGER THAN "THE INSIDE 
DIAMETER OF SAMPLER i'VERE NOT RECOVERED. 
HENCE, ALL GRAVEL AND COBBLE LAYERS REFERENCED 
IN SOIL BORINGS CONTA!NED LARGER PARl1CLES OF 
GRAVEL, e...aBBLES, AND OCCASIONAL BOULDERS THAT 
ARE NOT REFLECTED !N THE LASaRA TORY GRADATiON 
TEST RESULTS SHOWN IN THE SOll BORING LOGS. 

2. THE LEGENDS AND NOTES ARE SHOWN ON SHEET B-1. 

3. DRilliNG METHOD DID NOT ALLOW OBSERVATION OF 
DEPTH TO GRoUNDWATER TABLE. 
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3.0P

3

S01A_001_002B

No Recovery;
cobble removed

S03B_003_004P
S03A_004_005P

S04A_005_007S

S05A_007_008P

No Recovery; soft
material

S07A_011_011P
Driller notes very
soft material

Driller notes very
easy drilling

S08A_016_016S

No Recovery
Very soft material;
easy drilling

25

9

50

12
16
13
[29]
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100

44

71
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HD

HD

Gravel Road Base.

[LEVEE FILL]
FAT CLAY (CH); very stiff; greenish black (5G 2.5/1);
moist; 95% high plasticity, high dry strength, high
toughness fines; 5% sand; 0% gravel.

1-foot thick Fat Clay with Sand (CH) lense; 5% gravel,
max. 1/2 in.; 10% fine to medium sand; 85% high
plasticity fines.
[LEVEE FILL]
SILTY CLAYEY SAND (SC-SM); dense; dark brown
(7.5YR 3/4); moist; 75% fine to medium sand; 25% low
plasticity fines; 0% gravel.

[LEVEE FILL]
Poorly Graded SAND with Silt (SP-SM); medium
dense; olive brown (2.5Y 4/4); dry; 91% fine to medium
sand; 9% fines; 0% gravel.

As above except moist.

[Approximate bottom of Levee Fill 13.2'].

SANDY SILT (ML); loose; dark yellowish brown (10YR
3/6); moist; 50% fine sand; 50% low plasticity fines; 0%
gravel.

FIELD LOG REVIEWER
G. Bradner

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
Marl, automatic, 140 lbs / 30-inch drop

FIELD LOGGER
M. Horse

BOREHOLE BACKFILL OR COMPLETION
5% bentonite grout

DATE STARTED
6/3/08

VERTICAL INCLINED

DRILLING ROD TYPE AND DIAMETER
6" HSA, 94mm

HELPER'S NAME
R. Ryon/M. Ageev

CONSULTANT COMPANY
GEI Consultants, Inc.

DRILLING METHOD
0 - 3 ft: HA, 3 - 16.5 ft: HSA, 16.5 - 70 ft: Rotary Wash

TOTAL DEPTH OF FILL
13.2 ft

DRILL RIG MAKE AND MODEL
MARL M-10 (Gregg Rig No. D-44)

CASING TYPE, DIAMETER, INSTALLATION DEPTH
Surface, 6-in., 15 ft

ELEVATION DATUM
NAVD 88

GROUND ELEVATION
48.07 ft

TOTAL DEPTH OF BORING
70.0 ft

HAMMER EFFICIENCY
83%

DRILLING CONTRACTOR
Gregg Drilling & Testing, Inc.

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
5-inch drag bit; tricone drill through bit

DRILLER'S NAME
E. Santellan

DATE COMPLETED
6/3/08

GROUNDWATER READING: DURING DRILLING
N/A due to rotary wash drilling method

AFTER DRILLING (DATE-TIME)

X
SAMPLER TYPE(S)
Bag, DCore(2.5"), MCal(2"), PCore(2.5"), SPT(1.375")
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(Description)

County: SacramentoBorehole Location: South Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,719,198.27

Longitude: -121.44887                        Latitude: 38.58732
Levee Station or Milepost: 1200+59 Levee Mile: 3.79

Coordinates:  Northing: 1,976,188.21

Levee Segment
CA State Plane Zone IICoord. System:
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11

12

No Recovery
Rock stuck in hole

No Recovery
Sandy Silt
observed in
cuttings

No Recovery
Driller notes rock
still present in hole

S13A_025_025P
2.25-inch cobble
fragment on top of
sample
S14A_025_027M

S15A_027_028S

S16A_028_029P

S17A_030_032S

S18A_032_033P

S19A_035_037S

Box 1
Representative
S20A_038_038P

S21A_040_042P

S22A_042_043P

9

23

20

5
6
6

[12]
7
8
11
[19]
5
4
7

[11]

7
10
10
[20]
5
5
9

[14]

7
5
11
[16]

9
12
13
[25]

9
11
11
[22]

17

15

19

22

35

30

0

0

0

100

100

44

42

56

50

56

79

61

45

10

11

12

13

14

15

16

17

18

19

20

21

22

SG

HD

SANDY SILT (ML); as above except medium dense.

SANDY SILT (ML); medium dense; very dark brown
(7.5YR 2.5/3); moist; 65% low plasticity fines; 35% fine
to medium sand; 0% gravel.

Poorly Graded SAND with Silt (SP-SM); medium dense;
dark brown (7.5YR 3/4); moist; 91% fine to medium
sand; 9% low plasticity fines; 0% gravel; predominantly
fine sand.

SILTY CLAYEY SAND (SC-SM); medium dense; dark
brown (7.5YR 3/4); moist; 77% fine sand; 23% low
plasticity fines; 0% gravel.

SILTY SAND (SM); dense; dark yellowish brown (10YR
3/6); moist; 80% fine to medium sand; 20% fines; 0%
gravel.

As above except medium dense.

As above except very dark greenish gray (5G 3/1).

E
le

va
tio

n,
 f

ee
t

P
P

 o
r 

T
V

, 
ts

f

Urban Levee Geotechnical Evaluations
Program

Engineering Support Services

W
at

er
C

on
te

nt
, %

LABORATORY DATA

M
at

er
ia

l
G

ra
ph

ic
s

REMARKS

Li
qu

id
Li

m
it

P
la

st
ic

ity
In

de
x

F
in

es
,

%
 <

 #
20

0

B
lo

w
s 

pe
r 

6 
in

.
[B

lo
w

s 
pe

r 
ft

]

N
60

(A
S

T
M

)

LOG OF BORING

WCSBAR_003B
Sheet 2 of 4

Draft 4 After Final Markups  11/5/2009

R
ec

ov
er

y,
 %

D
ep

th
, f

ee
t

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

S
am

pl
e 

N
um

be
r

S
am

pl
e 

Lo
ca

tio
n

O
th

er
 L

ab
T

es
tsCLASSIFICATION OF MATERIALS

(Description)

County: SacramentoBorehole Location: South Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,719,198.27

Longitude: -121.44887                        Latitude: 38.58732
Levee Station or Milepost: 1200+59 Levee Mile: 3.79

Coordinates:  Northing: 1,976,188.21

Levee Segment
CA State Plane Zone IICoord. System:
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20

S23A_045_047S

S24B_047_047P
S24A_048_048P

Driller notes
change; rig chatter

S25B_050_051S
S25A_051_052S

No Recovery
Rig chatter and
shaking

S27B_055_056S
S27A_056_057S

No Recovery
Rig chatter; gravel
and cobble
fragments  present
in slough

S29A_060_061S

No Recovery
Rig chatter and
shaking; driller
notes
gravels/cobbles

Use tricone bit; rig
chatter and
shaking; driller
notes cobbles

No Recovery

Driller notes
gravels/cobbles

4

7
8
8

[16]

10
11
13
[24]

32
40
30
[70]

50/6"

50/3"

22

33

97

67

36

50

0

39

0

67

0

0

23

24

25

26

27

28

29

30

31

SILTY SAND (SM); as above.

Well-Graded GRAVEL (GW); dense; dark olive gray
(5Y 3/2); moist; 85% fine to coarse, subrounded gravel,
max. 2 1/4 in.; 10% fine to medium sand; 5% fines.

3-inch thick Poorly Graded Sand (SP) lense; 96% fine
to medium sand; 4% fines.

3-inch thick Poorly Graded Sand (SP) lense; 95% fine
to medium sand; 5% fines.
As above except very dense.

Well-Graded GRAVEL with Sand (GW); very dense;
dark olive gray (5Y 3/2); moist; 70% fine to coarse,
subrounded gravel; 25% fine to medium sand; 5% fines.

Gravel and cobble fragments, max. 1 1/2 in., present in
slough.
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County: SacramentoBorehole Location: South Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,719,198.27

Longitude: -121.44887                        Latitude: 38.58732
Levee Station or Milepost: 1200+59 Levee Mile: 3.79

Coordinates:  Northing: 1,976,188.21

Levee Segment
CA State Plane Zone IICoord. System:
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Refusal due to
gravel/cobbles

Borehole terminated at 70  feet. Backfilled with 5% bentonite
grout.
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County: SacramentoBorehole Location: South Bank Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: American River

Easting: 6,719,198.27

Longitude: -121.44887                        Latitude: 38.58732
Levee Station or Milepost: 1200+59 Levee Mile: 3.79

Coordinates:  Northing: 1,976,188.21
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Vector Engineering Inc. WATER CONTENT & MINUS # 200 % with  GRAVEL
143E Spring Hill Drive, Grass Valley, CA 95945  (530) 272-2448

   LABORATORY SERVICES

Client : Project No: Lab Log:
GEI Consultants

Project Name: Report Date:

URS/DWR Urban Levee Program-American River TO-44 WO-26

Notes: ** Classifications are based on ASTM D-2487 when appropriate test results are available and  per ASTM D-2488 when visual

Entered By: Rev. By: Lab Log:
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These results apply only to the above listed samples. The data and information are proprietary and can not be released without authorization of Vector Engineering Inc.  By accepting the data and results represented on this page,  Client agrees to 
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ARS REACH F – SACRAMENTO RIVER EAST – U1 LM 5.92 

 

STRATIGRAPHY INPUT 

BORING LOGS 

LABORATORY TESTING 



Average 
% Fines

Average Field N 
(blows/ft)

Average N60 

(blows/ft)1

Average 
Normalized Blow 

Count, N1,60 

(blows/ft)2

Torvane (tsf)
Pocket 

Penetrometer 
(tsf)

Average Unit 
Weight (pcf) PI LL LI

1
Silty Sand (SM) 

with Silty (ML) and 
Poorly Graded 

SM 0.00 16.00 34.00 18.00 16.00 16 25

2 Silt Blanket (ML) ML 16.00 21.50 18.00 12.50 5.50 57 6 7

3 Silty Sand (SM) SM 14.49 28.69 12.50 4.80 7.70 44

4 Silt (ML) and Lean 
Clay (CL) ML 21.50 40.00 4.80 -6.00 10.80 9 19 22

Silty Sand (SM),

Depth to Bottom 
of Layer (ft) Comments

AMERICAN RIVER WATERSHED - COMMON FEATURES PROJECT

SACRAMENTO RIVER SOUTH RF2 U9 LM 5.92
Table F-2-14: Permeability and Strength Selection for Analysis

2F 05 G4 2 2F

Elevation of 
Top of Layer
(ft, NAVD 88) 

Elevation of 
Bottom of Layer

(ft, NAVD 88)

Layer 
Thickness (ft)

Average Depth
 to Groundwater
During Drilling

Laboratory and Field Data

Boring 
Number

Top of Boring 
Elevation 

(ft, NAVD 88)
Layer ID Soil 

Description
USCS Soil 

Classification

GENERAL REEVALUATION REPORT - GEOTECHNICAL ANALYSIS

Depth to 
Top of 

Layer (ft) 

5
Silty Sand (SM), 
Poorly Graded 

Sand (SP)
SM 40.00 98.00 -6.00 -64.00 58.00 10 57 59

6
Poorly Graded 
Gravel (GP) 

Poorly Graded 
GP 98.00 133.98 -64.00 -99.98 35.98 4 25

7 Lean Clay with Silt 
(CL w/ ML) CL 133.98 143.00 -99.98 -109.00 9.02

8 Impervious Clay 
Cap (CL) CL

9 Cutoff Wall SB WALL

Total Depth (ft.) 143.00

Horizontal 
kh (kx) 
cm/sec

Anisotropy Ratio
 kh/kv

Vertical 
kv (ky) 
cm/sec

Horizontal 
kh (kx) 
ft/day

Vertical 
kv (ky) 
ft/day

Total 
Overburden

 Pressure at Mid 
Layer

 During Drilling 
(psf)

Effective 
Overburden 
Stress at Mid 

Layer 
During Drilling 

(psf)

OCR from N60
3 OCR from LI3 Su from N (psf)4 Su/'o from PI 

(psf)4

Calculated 
Maximum

Past Pressure 
(psf)5

Drained Friction 
Angle7 OCR 'p (psf) Su (psf) Su/'o ' C' (psf) ' C' (psf) (pcf)

1 1.00E-02 4.00 2.50E-03 28.350 7.088 0 -499 34 0 125

2 2 00E-04 4 00 5 00E-05 0 567 0 142 0 -1170 28 0 120

Comments

2F-05-G4-2, 2F-
05-G4-2A 34.00

Sensitivity run w/ phi= 34. 
Matching URS Sac River 

P1GER. Original run at phi= 
Sensitivity run w/ phi= 28. 
Matching URS Sac River

Layer ID

Recommended Hydraulic Conductivity Strenth Coorelations Strength from Lab Test Data Recommended Strength Parameters

2 2.00E-04 4.00 5.00E-05 0.567 0.142 0 -1170 28 0 120

3 5.00E-04 4.00 1.25E-04 1.418 0.354 0 -1144 30 0 125

4 2.00E-04 4.00 5.00E-05 0.567 0.142 0 -1679 30 50 120

5 5.00E-03 4.00 1.25E-03 14.175 3.544 0 -4306 30 0 125

6 2.50E-02 10.00 2.50E-03 70.875 7.088 0 -7238 35 0 135

Matching URS Sac River 
P1GER.  Original run at 

SRS_RF2_U9_LM_5.92.xlsm: Stratigraphy
1 of 1 1/30/2013































NATOMAS BASIN 



NAT REACH D – NCC SOUTH – U1 LM 1.17 

 

STRATIGRAPHY INPUT 

BORING LOGS 

LABORATORY TESTING 



% Fines 
(-Sieve 200) From Field 

Classification
PI LL

Horizontal 
kh (kx) 
cm/sec

kh/kv

Vertical 
kv (ky) 

cm/sec

Horizontal 
kh (kx) 
ft/day

Vertical 
kv (ky) 
ft/day

 C 

1 Clayey Sand 
(SC)

0 24.5 44.9 20.4 24.50 35 4.00E-05 4.00 1.00E-05 0.113 0.028 28 50 120

2

Poorly 
Graded 

Sand w/ silt 
(SP-SM)

24.5 47 20.4 -2.2 22.50 1.00E-03 10.00 1.00E-04 2.835 0.284 33 0 130

3
Poorly 
Graded 

Sand (SP)
47 81.5 -2.2 -36.7 34.50 5.00E-03 10.00 5.00E-04 14.175 1.418 34 0 135

4 Sandy Fat 
Clay (CH)

81.5 86.2 -36.7 -41.4 4.70 1.00E-05 10.00 1.00E-06 0.028 0.003 30 50 110

NCCB-6, 
NCCB-6-49

Depth to 
Bottom of 
Layer (ft.) 

Elevation of Levee 
Crest (NAVD 88) Layer ID

Elevation of 
Top of Layer 

(NAVD 88)

Estimated Strength Parameters

44.85

Boring

American River Common Features GRR
Natomas Cross Canal Sta. 956+00 LM 1.17

Table F-2-16: Permeability Selection for Seepage Analysis

Elevation of 
Bottom of 

Layer (NAVD 
88)

Layer Thickness (ft.)Depth to Top of 
Layer (ft.) 

Estimated Permeability for Seepage AnalysisLaboratory and Field Data

USCS Soil 
Classificati

on

y ( )
5 Clay Cap 1.00E-06 4.00 2.50E-07 0.00284 0.00071 28 50 115
6 Cutoff Wall 1.00E-06 1.00 1.00E-06 0.00284 0.00284 0 50 85

Total Depth (ft.) 86.20
Landside Toe El 32.42 (NAVD 88)                        

Levee Height 12.4 (ft.)

Note:

NAVD 88
10-yr SAC 25-yr SAC 50-yr SAC 100-yr SAC 200-yr SHY 500-yr AMR Top of Levee 500-yr +3 200-yr +3

Reach River Sta W.S. Elev W.S. Elev W.S. Elev W.S. Elev W.S. Elev W.S. Elev NLDB Left Bank Levee Height Levee Height
Main 3.23 39.00 41.11 41.88 42.84 44.23 45.16 44.85 48.16 47.23

Exit Gradient at Toe

NCC Mitigation Height

X:\SOILS\Common Features GRR\2 - NPACR\Deterministic Analysis\Cross-Section Development\Material Properties\NCC SREL Levees Seepage Parameters.xls: NCC 956+00
1/30/2013 C1-20.1
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Sandy FAT CLAY (CH): Gray brown, moist, firm,
high plasticity, about 30% fine sand

Sandy FAT CLAY (CH): Gray brown, moist, firm,
high plasticity, about 30% fine sand (Levee Fill)

Silty SAND (SM): Gray, moist, fine sand, about
30% fines, about 30% fines (Levee Fill)

Sandy SILT (ML): Gray brown, moist, firm (Levee
Fill)

LOOSE GRAVEL (GM): (Levee Fill)

8

Sandy SILT (ML): Gray brown, moist, firm

Dark gray to black

Some charcoal pieces

Approximate Elevation: 42.5 feet (NGVD29*)
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NATOMAS CROSS CANAL SOUTH LEVEE
REACHES 1 THROUGH 4
NATOMAS BASIN EVALUATION
SUTTER COUNTY, CALIFORNIA

Drafted By:

1  of  3

D. Ross
72834-DNCC06

72834/DNCC06
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Surface Conditions: Levee crown, loose gravel

Groundwater not measured.

Approximate Northing: 2048063.91 feet

6/26/2006

CME 75 with 140lb. Automatic HammerEquipment:

Li
qu

id
 L

im
it

Groundwater:

Boring Diameter:Method: Hollow Stem Auger/Mud Rotary
Total Depth:

Brian Honea

8 inch/4 inch

Logged By:

Approximate Easting: 6675533.77 feet

91-1/2 feet

Date Completed:



Decreasing sand

12a

SILT (ML): Gray with orange, moist, hard, about

SILT (ML): Olive brown, moist, very hard

13b

Sandy SILT (ML): Gray with orange, moist, very
stiff, fine sand, about 16% fine sand

Silty SAND (SM): Gray brown, wet, fine sand,
about 35% fines

SILT (ML): Light gray with orange, moist, hard

About 44% fines

About 21% fines

Silty SAND (SM): Gray brown, wet, fine sand,
about 35% fines

Sandy SILT (ML): Olive brown, moist to wet, about
39% fine sand

About 44% fines

Silty SAND (SM): Olive brown, moist to wet, fine
sand, about 25% fines

5

Sandy SILT (ML): Gray brown, moist to wet, very
hard, about 47% fine to medium sand
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NATOMAS CROSS CANAL SOUTH LEVEE
REACHES 1 THROUGH 4
NATOMAS BASIN EVALUATION
SUTTER COUNTY, CALIFORNIA
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Very hard

Boring completed at a depth of 91-1/2 feet below
existing site grade.

Silty SAND (SM): Dark gray, wet, about 30% fines

Greenish gray

Sandy SILT (ML): Dark gray, moist, very hard,
about 30% fine sand

About 27% fines

Gray, about 20% fine sand

Firm

5% fine sand

30

Silty SAND (SM): Gray, moist to wet, fine to
medium sand, about 25% fines

72834-DNCC06

3  of  3

6/28/2007Date:
72834/DNCC06
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NATOMAS CROSS CANAL SOUTH LEVEE
REACHES 1 THROUGH 4
NATOMAS BASIN EVALUATION
SUTTER COUNTY, CALIFORNIA
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Olive brown

Moist

LEAN CLAY (CL): Brown, dry, firm

SILT (ML): Brown, moist, very hard
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Sandy SILT (ML): Brown, moist, firm, about 30%
fine sand

Clayey GRAVEL (GC): Brown to red, moist, fine to
coarse gravel, about 30% fines

Medium sand, about 23% fines

Silty SAND (SM): Brown, moist, fine to medium
sand, about 32% fines

Sandy SILT (ML): Brown, moist, firm, about 30%
fine to medium sand

Olive brown

Silty SAND (SM): Brown, moist, fine sand, about
39% fines

LEAN CLAY (CL): Brownish gray, moist, firm

Firm, some red mottling
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C. Wilhite

Total Depth:
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NATOMAS CROSS CANAL SOUTH LEVEE
REACHES 1 THROUGH 4
NATOMAS BASIN EVALUATION
SUTTER COUNTY, CALIFORNIA

Drafted By:

1  of  3

D. Ross

CME 750 with 140lb. Automatic Hammer

72834-DNCC06

5a

Approximate Elevation: 21.5 feet (NGVD29*)

7b

PLATE

Project No.: A-7
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File Number:6/28/2007Date:

LOG OF BORING  NCCB-6- 5
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Groundwater:

Method:

Date Completed: 7/5/2006

Boring Diameter:

3

Levee toe, grassy

Approximate Northing: 2048016.25 feet

S
am

pl
e 

N
o.

Equipment:

P
as

si
ng

#2
00

 S
ie

ve
 (%

)

18

Groundwater not measured.
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Surface Conditions:



Firm

24b

Very hard

Sandy SILT (ML): Olive gray, moist to wet, firm,
about 37% fine sand

SILT With Sand (ML): Olive brown, moist, firm,
about 10% fine sand

SILT With Sand (ML): Olive brown, moist, very
hard, about 10% fine sand

LEAN CLAY (CL): Brown, moist, hard

Poorly Graded SAND With Silt (SP-SM): Brown,
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LEAN CLAY With Sand And Gravel (CL): Brown,
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about 15% fine sand
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sand, about 25% fines
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30% fine sand

LEAN CLAY (CL): Olive brown, moist, firm, about
5% fine sand
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Silty SAND (SM): Brown, moist, fine sand, about
47% fines
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AMERICAN RIVER WATERSHED 

COMMON FEATURES PROJECT 

 

GENERAL REEVALUATION REPORT 

 

ATTACHMENT C – GEOTECHNICAL REPORT 

 

ENCLOSURE 2 

 

STEADY STATE SEEPAGE AND LANDSIDE SLOPE STABILITY 
ANALYSES RESULTS 



AMERICAN RIVER NORTH BASIN 



ARN REACH A – AMERICAN RIVER NORTH – U9 LM 1.32 

 

STEADY STATE SEEPAGE AND LANDSIDE SLOPE STABILITY 
ANALYSES RESULTS
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ARN REACH E – ARCADE CREEK NORTH – U7 LM 0.90 
 

STEADY STATE SEEPAGE AND LANDSIDE SLOPE STABILITY 
ANALYSES RESULTS
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AMERICAN RIVER SOUTH BASIN 



ARS REACH B – AMERICAN RIVER SOUTH – U4 LM 3.90 
 

STEADY STATE SEEPAGE AND LANDSIDE SLOPE STABILITY 
ANALYSES RESULTS
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ARS REACH F – SACRAMENTO RIVER EAST – U1 LM 5.92 
 

STEADY STATE SEEPAGE AND LANDSIDE SLOPE STABILITY 
ANALYSES RESULTS
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NATOMAS BASIN 



NAT REACH D – NCC SOUTH – U1 LM 1.17 
 

STEADY STATE SEEPAGE AND LANDSIDE SLOPE STABILITY 
ANALYSES RESULTS
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AMERICAN RIVER WATERSHED 

COMMON FEATURES PROJECT 

 

GENERAL REEVALUATION REPORT 

 

ATTACHMENT C – GEOTECHNICAL REPORT 

 

ENCLOSURE 3 

 

PROBABILISTIC ANALYSES AND LEVEE PERFORMANCE 
CURVES 

 



ARN Reach A (ARN) U9 LM 1.32 Without Project.xls 2/11/2013

52.95
43.26
40.62

Material Kb (ft/day) Material Kf (ft/day)
WCNBAR_03B 20 15 SM 0.709 GM 34 48

2F-97-06 22.7 30 SM 0.709 SP-SM/GM 24.8 35
2F-99-08A 24 10 SM 0.709 SP-SM/GM 28 39
2F-99-15A 6 39 SM 0.709 SP-SM/GM 30.92 44
2F-02-17 10 24 SM 0.709 SP-SM/GM 27.33 39

2F-07-18A 10 26 SM 0.709 SP/GP 28.62 40

WCNBAR_03B SM 20 0.709 GM 15 34
2F-97-06 SM 22.7 0.709 SP-SM 13.8 14 GM 16.2 34

2F-99-08A SM 24 0.709 SP-SM 3 14 GM 7 34
2F-99-15A SM 6 0.709 SP-SM 6 14 GM 33 34
2F-02-17 SM 10 0.709 SP-SM 8 14 GM 16 34

2F-07-18A SM 10 0.709 SP 7 14 GP 19 34

22.7
20 34

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 4/29/2011

H. Mulder
M. KynettAnalysis By:

Without Project Cutoff Wall
7.82
1.32

Date:ARN Reach A Unit 9
American River
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

41

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

8

Coefficient 
of Variation

24

Coefficient 
of Variation

15 214

Variation 

5396 42 104564

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

10

Aquifer Material 2

10
10
6

24

Transformed Aquifer 
Horizontal Permeability

(kf)

28.62
27.33
30.92

28
24.8

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type



ARN Reach A (ARN) U9 LM 1.32 Without Project.xls 2/11/2013

52.95
43.26
40.62

Toe 0.00 43.26 0.0000
Toe+3ft 3.00 46.26 0.0000

41 4 Half Height 4.85 48.11 0.0002
15 8 Crest-3ft 6.69 49.95 0.0010
24 10 Crest 9.69 52.95 0.0076

NO 7A 265 85 ∞ 112

Rh   Rh
Head = 9.69  Head = 6.69  

 

1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 3.62 0.24 1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 2.50 0.17
2 45 15.00 24.00 123.38 127.28 0.0715 3.67 0.24 2 45 15.00 24.00 123.38 127.28 0.0715 2.54 0.17
3 37 15.00 24.00 113.10 115.41 0.0766 3.57 0.24 3 37 15.00 24.00 113.10 115.41 0.0766 2.46 0.16
4 41 23.00 24.00 141.81 150.44 0.0636 3.86 0.17 4 41 23.00 24.00 141.81 150.44 0.0636 2.67 0.12
5 41 7.00 24.00 82.71 82.99 0.0957 3.21 0.46 5 41 7.00 24.00 82.71 82.99 0.0957 2.21 0.32
6 41 15.00 34.00 137.38 144.60 0.0926 3.82 0.25 6 41 15.00 34.00 137.38 144.60 0.0926 2.64 0.18
7 41 15.00 14.00 92.18 92.79 0.0519 3.33 0.22 7 41 15.00 14.00 92.18 92.79 0.0519 2.30 0.15

Total 0.021250 100.00 Total 0.010250 100.00
E[I] = 0.240000 E[ln I] = -1.584129 E[I] = 0.170000 E[ln I] = -1.923736

Var[I]= 0.021250 Var[I]= 0.010250
σ[I]= 0.145774 σ [ln I] = 0.560379 σ[I]= 0.101242 σ [ln I] = 0.550962

V(I) = 0.607391 β = -2.826888 V(I) = 0.595543 β = -3.491597
F(z)  = 0.992423 F(z)  = 0.998988

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.757681 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.101233

Rh  Rh  
Head = 4.85 Head = 3.00

1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 1.81 0.12 1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 1.12 0.07
2 45 15.00 24.00 123.38 127.28 0.0715 1.84 0.12 2 45 15.00 24.00 123.38 127.28 0.0715 1.14 0.08
3 37 15.00 24.00 113.10 115.41 0.0766 1.78 0.12 3 37 15.00 24.00 113.10 115.41 0.0766 1.10 0.07
4 41 23.00 24.00 141.81 150.44 0.0636 1.93 0.08 4 41 23.00 24.00 141.81 150.44 0.0636 1.20 0.05
5 41 7.00 24.00 82.71 82.99 0.0957 1.60 0.23 5 41 7.00 24.00 82.71 82.99 0.0957 0.99 0.14
6 41 15.00 34.00 137.38 144.60 0.0926 1.91 0.13 6 41 15.00 34.00 137.38 144.60 0.0926 1.18 0.08
7 41 15.00 14.00 92.18 92.79 0.0519 1.67 0.11 7 41 15.00 14.00 92.18 92.79 0.0519 1.03 0.07

Total 0.005725 100.00 Total 0.002075 100.00
E[I] = 0.120000 E[ln I] = -2.287631 E[I] = 0.070000 E[ln I] = -2.835809

Var[I]= 0.005725 Var[I]= 0.002075
σ[I]= 0.075664 σ [ln I] = 0.578563 σ[I]= 0.045552 σ [ln I] = 0.594220

V(I) = 0.630531 β = -3.953991 V(I) = 0.650745 β = -4.772323
F(z)  = 0.999820 F(z)  = 0.999995

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.017965 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000549

Pr(f)

Run $

0.002025 97.59

0.000025 1.20

% Varianced x1z

0.000100 1.75 0.000025 1.20

$ I Variance 
Component

0.005625

Variance 
Component

98.25

0.000000 0.00

x3 $ hx

0.021025 98.94

% Variance

53 
Permaebility Ratio 

Blanket Thickness (z)
10 

Study Area:

Standard 
Deviation

ARN Reach A Unit 9

Crest Elev.:
7.82

M. Kynett

Without Project Cutoff Wall

Parameter

Project: American River Common Features GRR

4/29/2011
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

1.32

d

American River

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

42 

hx

0.00

$

Crest-3ft

x1

I

Variance 
Component

0.24

97.56

Toe+3ft

x3

1.06

RunVariance 
Component

0.000025

0.010000

Crest

0.000225 0.000225 2.20

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

0.000000

Underseepage Reliability Analysis With Blanket Theory Analysis

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

35 40 45 50 55 60 65 

Pr
(F

ai
lu

re
) 

Water Elevation (ft) 

Underseepage Probability of Poor Performance 



ARN Reach A (ARN) U9 LM 1.32 Without Project.xls 2/11/2013

52.95
43.26
40.62

Toe 0.00 43.26 0.0000
Toe+3ft 3.00 46.26 0.000000

1 0.1 Half Height 4.85 48.11 0.000000
0.5 0.05 Crest-3ft 6.69 49.95 0.000000

1.00E-07 3.00E-08 Crest 9.69 52.95 0.000000

Head = 9.69 0.000 Head = 6.69 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.00 0.50 1.00E-07 0.81 1 (Mean) 1.00 0.50 1.00E-07 0.81
2 0.90 0.50 1.00E-07 0.73 2 0.90 0.50 1.00E-07 0.73
3 1.10 0.50 1.00E-07 0.89 3 1.10 0.50 1.00E-07 0.89
4 1.00 0.45 1.00E-07 0.76 4 1.00 0.45 1.00E-07 0.76
5 1.00 0.55 1.00E-07 0.85 5 1.00 0.55 1.00E-07 0.85
6 1.00 0.50 7.00E-08 0.96 6 1.00 0.50 7.00E-08 0.96
7 1.00 0.50 1.30E-07 0.71 7 1.00 0.50 1.30E-07 0.71
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 4.85 0.000 Head = 3.00 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.00 0.50 1.00E-07 0.81 1 (Mean) 1.00 0.50 1.00E-07 0.81
2 0.90 0.50 1.00E-07 0.73 2 0.90 0.50 1.00E-07 0.73
3 1.10 0.50 1.00E-07 0.89 3 1.10 0.50 1.00E-07 0.89
4 1.00 0.45 1.00E-07 0.76 4 1.00 0.45 1.00E-07 0.76
5 1.00 0.55 1.00E-07 0.85 5 1.00 0.55 1.00E-07 0.85
6 1.00 0.50 7.00E-08 0.96 6 1.00 0.50 7.00E-08 0.96
7 1.00 0.50 1.30E-07 0.71 7 1.00 0.50 1.30E-07 0.71
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

YES
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

4/29/2011
Study Area: American River

Random Variables - Silty Sand (SM) Levee Analysis 
Case

Head Elevation

River Section: ARN Reach A Unit 9 Analysis Case Without Project Cutoff Wall W/S Toe Elev.: Date:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 1.32 Crest Elev.: Analysis By: M. Kynett
River Mile: 7.82 L/S Toe Elev.: Checked By: H. Mulder
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ARN Reach A (ARN) U9 LM 1.32 Without Project.xls 2/11/2013

52.95
43.26
40.62

Toe 0.00 43.26 0.0000
Toe+3ft 3.00 46.26 0.000000

33 4 Half Height 4.85 48.11 0.000000
0 0 Crest-3ft 6.69 49.95 0.000000

125 9 Crest 9.69 52.95 0.000000
33 4
0 0

Head = 9.69 Pr(f)=0 YES Head = 6.69 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 33 0 1.76 1 (Mean) 33 0 125 33 0 1.79
2 29 0 125 33 0 2 29 0 125 33 0
3 37 0 125 33 0 3 37 0 125 33 0
4 33 0 125 33 0 4 33 0 125 33 0
5 33 0 125 33 0 5 33 0 125 33 0
6 33 0 116 33 0 6 33 0 116 33 0
7 33 0 134 33 0 7 33 0 134 33 0
8 33 0 125 29 0 8 33 0 125 29 0
9 33 0 125 37 0 9 33 0 125 37 0

10 33 0 125 33 0 10 33 0 125 33 0
11 33 0 125 33 0 11 33 0 125 33 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 4.85 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 33 0 1.80 1 (Mean) 33 0 125 33 0 1.81
2 29 0 125 33 0 2 29 0 125 33 0
3 37 0 125 33 0 3 37 0 125 33 0
4 33 0 125 33 0 4 33 0 125 33 0
5 33 0 125 33 0 5 33 0 125 33 0
6 33 0 116 33 0 6 33 0 116 33 0
7 33 0 134 33 0 7 33 0 134 33 0
8 33 0 125 29 0 8 33 0 125 29 0
9 33 0 125 37 0 9 33 0 125 37 0

10 33 0 125 33 0 10 33 0 125 33 0
11 33 0 125 33 0 11 33 0 125 33 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case Without Project Cutoff Wall W/S Toe Elev.:

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

40.00 

Crest

7.00 
Foundation Ф

1.32 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

American River

Variance Component

Crest-3ft

40.00 
13.00 

Variance Component Variance Component

7.82
4/29/2011

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: M. Kynett

River Mile:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

Random Variables

13.00 
Foundation Cohesion

Standard 
Deviation

ARN Reach A Unit 9

Elevation
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ARN Reach A (ARN) U9 LM 1.32 Without Project.xls 2/11/2013

Levee Mile: 1.32 52.95 M. Kynett
River Mile: 7.82 43.26 H. Mulder

W/S Toe Elev.: 40.62 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
43.26 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.0000 1.0000
46.26 0.00500 0.9950 0.00500 0.9950 0.00500 0.9950 0.00500 0.9950 0.10000 0.9000 0.1179 0.8821
48.11 0.01000 0.9900 0.01000 0.9900 0.01000 0.9900 0.01000 0.9900 0.22000 0.7800 0.2507 0.7493
49.95 0.02000 0.9800 0.01500 0.9850 0.03000 0.9700 0.02000 0.9800 0.35000 0.6500 0.4036 0.5964
52.95 0.03000 0.9700 0.02000 0.9800 0.03000 0.9700 0.03000 0.9700 0.50000 0.5000 0.5528 0.4472

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 Without Project Cutoff Wall

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: American River

River Section: Analysis Case: Without Project Cutoff Wall

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARN Reach A Unit 9

Utilities
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0.80 
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Judgment Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 Without Project 
Cutoff Wall 

Vegetation Animal Burrows Encroachments  Utilities Erosion Judgment 



ARN Reach A (ARN) U9 LM 1.32 Without Project.xls 2/11/2013

Project: Levee Mile: 1.32 52.95 Analysis By: M. Kynett
Study Area: River Mile: 7.82 43.26 Checked By: H. Mulder

River Section: W/S Toe Elev.: 40.62 Date: 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
43.26 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
46.26 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.1179 0.8821 0.1179 0.8821
48.11 0.0002 0.9998 0.0000 1.0000 0.0000 1.0000 0.2507 0.7493 0.2509 0.7491
49.95 0.0010 0.9990 0.0000 1.0000 0.0000 1.0000 0.4036 0.5964 0.4042 0.5958
52.95 0.0076 0.9924 0.0000 1.0000 0.0000 1.0000 0.5528 0.4472 0.5562 0.4438

American River

Combined Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 Without Project Cutoff Wall

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

Without Project Cutoff Wall
 

ARN Reach A Unit 9 Analysis Case:

Through-Seepage
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52.95
43.26
40.62

Material Kb (ft/day) Material Kf (ft/day)
WCNBAR_03B 20 15 SM 0.709 GM 34 48

2F-97-06 22.7 30 SM 0.709 SP-SM/GM 24.8 35
2F-99-08A 24 10 SM 0.709 SP-SM/GM 28 39
2F-99-15A 6 39 SM 0.709 SP-SM/GM 30.92 44
2F-02-17 10 24 SM 0.709 SP-SM/GM 27.33 39

2F-07-18A 10 26 SM 0.709 SP/GP 28.62 40

WCNBAR_03B SM 20 0.709 GM 15 34
2F-97-06 SM 22.7 0.709 SP-SM 13.8 14 GM 16.2 34

2F-99-08A SM 24 0.709 SP-SM 3 14 GM 7 34
2F-99-15A SM 6 0.709 SP-SM 6 14 GM 33 34
2F-02-17 SM 10 0.709 SP-SM 8 14 GM 16 34

2F-07-18A SM 10 0.709 SP 7 14 GP 19 34

22.7
20 34

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 7/5/2012

H. Mulder
A. DeusAnalysis By:

With Project Erosion Protection
7.82
1.32

Date:ARN Reach A Unit 9
American River
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

41

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

8

Coefficient 
of Variation

24

Coefficient 
of Variation

15 214

Variation 

5396 42 104564

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

10

Aquifer Material 2

10
10
6

24

Transformed Aquifer 
Horizontal Permeability

(kf)

28.62
27.33
30.92

28
24.8

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type



ARN Reach A (ARN) U9 LM 1.32 With Project.xls 2/11/2013

52.95
43.26
40.62

Toe 0.00 43.26 0.0000
Toe+3ft 3.00 46.26 0.0000

41 4 Half Height 4.85 48.11 0.0002
15 8 Crest-3ft 6.69 49.95 0.0010
24 10 Crest 9.69 52.95 0.0076

NO 7A 265 85 ∞ 112

Rh   Rh
Head = 9.69  Head = 6.69  

 

1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 3.62 0.24 1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 2.50 0.17
2 45 15.00 24.00 123.38 127.28 0.0715 3.67 0.24 2 45 15.00 24.00 123.38 127.28 0.0715 2.54 0.17
3 37 15.00 24.00 113.10 115.41 0.0766 3.57 0.24 3 37 15.00 24.00 113.10 115.41 0.0766 2.46 0.16
4 41 23.00 24.00 141.81 150.44 0.0636 3.86 0.17 4 41 23.00 24.00 141.81 150.44 0.0636 2.67 0.12
5 41 7.00 24.00 82.71 82.99 0.0957 3.21 0.46 5 41 7.00 24.00 82.71 82.99 0.0957 2.21 0.32
6 41 15.00 34.00 137.38 144.60 0.0926 3.82 0.25 6 41 15.00 34.00 137.38 144.60 0.0926 2.64 0.18
7 41 15.00 14.00 92.18 92.79 0.0519 3.33 0.22 7 41 15.00 14.00 92.18 92.79 0.0519 2.30 0.15

Total 0.021250 100.00 Total 0.010250 100.00
E[I] = 0.240000 E[ln I] = -1.584129 E[I] = 0.170000 E[ln I] = -1.923736

Var[I]= 0.021250 Var[I]= 0.010250
σ[I]= 0.145774 σ [ln I] = 0.560379 σ[I]= 0.101242 σ [ln I] = 0.550962

V(I) = 0.607391 β = -2.826888 V(I) = 0.595543 β = -3.491597
F(z)  = 0.992423 F(z)  = 0.998988

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.757681 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.101233

Rh  Rh  
Head = 4.85 Head = 3.00

1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 1.81 0.12 1 (Mean) 41 15.00 24.00 118.43 121.49 0.0739 1.12 0.07
2 45 15.00 24.00 123.38 127.28 0.0715 1.84 0.12 2 45 15.00 24.00 123.38 127.28 0.0715 1.14 0.08
3 37 15.00 24.00 113.10 115.41 0.0766 1.78 0.12 3 37 15.00 24.00 113.10 115.41 0.0766 1.10 0.07
4 41 23.00 24.00 141.81 150.44 0.0636 1.93 0.08 4 41 23.00 24.00 141.81 150.44 0.0636 1.20 0.05
5 41 7.00 24.00 82.71 82.99 0.0957 1.60 0.23 5 41 7.00 24.00 82.71 82.99 0.0957 0.99 0.14
6 41 15.00 34.00 137.38 144.60 0.0926 1.91 0.13 6 41 15.00 34.00 137.38 144.60 0.0926 1.18 0.08
7 41 15.00 14.00 92.18 92.79 0.0519 1.67 0.11 7 41 15.00 14.00 92.18 92.79 0.0519 1.03 0.07

Total 0.005725 100.00 Total 0.002075 100.00
E[I] = 0.120000 E[ln I] = -2.287631 E[I] = 0.070000 E[ln I] = -2.835809

Var[I]= 0.005725 Var[I]= 0.002075
σ[I]= 0.075664 σ [ln I] = 0.578563 σ[I]= 0.045552 σ [ln I] = 0.594220

V(I) = 0.630531 β = -3.953991 V(I) = 0.650745 β = -4.772323
F(z)  = 0.999820 F(z)  = 0.999995

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.017965 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000549

Pr(f)

Run $

0.002025 97.59

0.000025 1.20

% Varianced x1z

0.000100 1.75 0.000025 1.20

$ I Variance 
Component

0.005625

Variance 
Component

98.25

0.000000 0.00

x3 $ hx

0.021025 98.94

% Variance

53 
Permaebility Ratio 

Blanket Thickness (z)
10 

Study Area:

Standard 
Deviation

ARN Reach A Unit 9

Crest Elev.:
7.82

A. Deus

With Project Erosion Protection

Parameter

Project: American River Common Features GRR

7/5/2012
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

1.32

d

American River

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

42 

hx

0.00

$

Crest-3ft

x1

I

Variance 
Component

0.24

97.56

Toe+3ft

x3

1.06

RunVariance 
Component

0.000025

0.010000

Crest

0.000225 0.000225 2.20

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

0.000000

Underseepage Reliability Analysis With Blanket Theory Analysis
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ARN Reach A (ARN) U9 LM 1.32 With Project.xls 2/11/2013

52.95
43.26
40.62

Toe 0.00 43.26 0.0000
Toe+3ft 3.00 46.26 0.000000

1 0.1 Half Height 4.85 48.11 0.000000
0.5 0.05 Crest-3ft 6.69 49.95 0.000000

1.00E-07 3.00E-08 Crest 9.69 52.95 0.000000

Head = 9.69 0.000 Head = 6.69 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.00 0.50 1.00E-07 0.81 1 (Mean) 1.00 0.50 1.00E-07 0.81
2 0.90 0.50 1.00E-07 0.73 2 0.90 0.50 1.00E-07 0.73
3 1.10 0.50 1.00E-07 0.89 3 1.10 0.50 1.00E-07 0.89
4 1.00 0.45 1.00E-07 0.76 4 1.00 0.45 1.00E-07 0.76
5 1.00 0.55 1.00E-07 0.85 5 1.00 0.55 1.00E-07 0.85
6 1.00 0.50 7.00E-08 0.96 6 1.00 0.50 7.00E-08 0.96
7 1.00 0.50 1.30E-07 0.71 7 1.00 0.50 1.30E-07 0.71
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 4.85 0.000 Head = 3.00 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.00 0.50 1.00E-07 0.81 1 (Mean) 1.00 0.50 1.00E-07 0.81
2 0.90 0.50 1.00E-07 0.73 2 0.90 0.50 1.00E-07 0.73
3 1.10 0.50 1.00E-07 0.89 3 1.10 0.50 1.00E-07 0.89
4 1.00 0.45 1.00E-07 0.76 4 1.00 0.45 1.00E-07 0.76
5 1.00 0.55 1.00E-07 0.85 5 1.00 0.55 1.00E-07 0.85
6 1.00 0.50 7.00E-08 0.96 6 1.00 0.50 7.00E-08 0.96
7 1.00 0.50 1.30E-07 0.71 7 1.00 0.50 1.30E-07 0.71
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

YES
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

7/5/2012
Study Area: American River

Random Variables - Silty Sand (SM) Levee Analysis 
Case

Head Elevation

River Section: ARN Reach A Unit 9 Analysis Case With Project Erosion Protection W/S Toe Elev.: Date:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 1.32 Crest Elev.: Analysis By: A. Deus
River Mile: 7.82 L/S Toe Elev.: Checked By: H. Mulder
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ARN Reach A (ARN) U9 LM 1.32 With Project.xls 2/11/2013

52.95
43.26
40.62

Toe 0.00 43.26 0.0000
Toe+3ft 3.00 46.26 0.000000

33 4 Half Height 4.85 48.11 0.000000
0 0 Crest-3ft 6.69 49.95 0.000000

125 9 Crest 9.69 52.95 0.000000
33 4
0 0

Head = 9.69 Pr(f)=0 YES Head = 6.69 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 33 0 1.76 1 (Mean) 33 0 125 33 0 1.79
2 29 0 125 33 0 2 29 0 125 33 0
3 37 0 125 33 0 3 37 0 125 33 0
4 33 0 125 33 0 4 33 0 125 33 0
5 33 0 125 33 0 5 33 0 125 33 0
6 33 0 116 33 0 6 33 0 116 33 0
7 33 0 134 33 0 7 33 0 134 33 0
8 33 0 125 29 0 8 33 0 125 29 0
9 33 0 125 37 0 9 33 0 125 37 0

10 33 0 125 33 0 10 33 0 125 33 0
11 33 0 125 33 0 11 33 0 125 33 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 4.85 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 33 0 1.80 1 (Mean) 33 0 125 33 0 1.81
2 29 0 125 33 0 2 29 0 125 33 0
3 37 0 125 33 0 3 37 0 125 33 0
4 33 0 125 33 0 4 33 0 125 33 0
5 33 0 125 33 0 5 33 0 125 33 0
6 33 0 116 33 0 6 33 0 116 33 0
7 33 0 134 33 0 7 33 0 134 33 0
8 33 0 125 29 0 8 33 0 125 29 0
9 33 0 125 37 0 9 33 0 125 37 0

10 33 0 125 33 0 10 33 0 125 33 0
11 33 0 125 33 0 11 33 0 125 33 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case With Project Erosion Protection W/S Toe Elev.:

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

40.00 

Crest

7.00 
Foundation Ф

1.32 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

American River

Variance Component

Crest-3ft

40.00 
13.00 

Variance Component Variance Component

7.82
7/5/2012

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: A. Deus

River Mile:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

Random Variables

13.00 
Foundation Cohesion

Standard 
Deviation

ARN Reach A Unit 9

Elevation

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

35 40 45 50 55 60 65 

Pr
(F

ai
lu

re
) 

Water Elevation (ft) 

Stability Probability of Poor Performance 



ARN Reach A (ARN) U9 LM 1.32 With Project.xls 2/11/2013

Levee Mile: 1.32 52.95 A. Deus
River Mile: 7.82 43.26 H. Mulder

W/S Toe Elev.: 40.62 7/5/2012

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
43.26 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.0000 1.0000
46.26 0.00167 0.9983 0.00500 0.9950 0.00667 0.9933 0.00667 0.9933 0.01000 0.9900 0.0297 0.9703
48.11 0.00333 0.9967 0.01000 0.9900 0.01333 0.9867 0.01333 0.9867 0.02200 0.9780 0.0606 0.9394
49.95 0.00667 0.9933 0.01500 0.9850 0.04000 0.9600 0.02667 0.9733 0.03500 0.9650 0.1178 0.8822
52.95 0.01000 0.9900 0.02000 0.9800 0.04000 0.9600 0.04000 0.9600 0.05000 0.9500 0.1506 0.8494

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 With Project Erosion Protection

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: American River

River Section: Analysis Case: With Project Erosion Protecti

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARN Reach A Unit 9

Utilities

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

35 40 45 50 55 60 65 

Pr
(f

ai
lu

re
) 

Water Elevation (ft) 

Judgment Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 With Project 
Erosion Protection 

Vegetation Animal Burrows Encroachments  Utilities Erosion Judgment 



ARN Reach A (ARN) U9 LM 1.32 With Project.xls 2/11/2013

Project: Levee Mile: 1.32 52.95 Analysis By: A. Deus
Study Area: River Mile: 7.82 43.26 Checked By: H. Mulder

River Section: W/S Toe Elev.: 40.62 Date: 7/5/2012

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
43.26 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
46.26 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0297 0.9703 0.0297 0.9703
48.11 0.0002 0.9998 0.0000 1.0000 0.0000 1.0000 0.0606 0.9394 0.0607 0.9393
49.95 0.0010 0.9990 0.0000 1.0000 0.0000 1.0000 0.1178 0.8822 0.1186 0.8814
52.95 0.0076 0.9924 0.0000 1.0000 0.0000 1.0000 0.1506 0.8494 0.1570 0.8430

American River

Combined Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 With Project Erosion Protection

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

With Project Erosion Protection
 

ARN Reach A Unit 9 Analysis Case:

Through-Seepage

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

35 40 45 50 55 60 65 
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Water Elevation (feet) 

Combined Probability of Poor Performance Curve - ARN Reach A Unit 9 LM 1.32 With Project Erosion Protection 

Underseepage Through-Seepage Stability Judgment Combined 



ARN Reach E (ACN) U7 LM 0.90 Without Project.xls 2/11/2013

43.94
31.69
26.77

Material Kb (ft/day) Material Kf (ft/day)
WRARFC_024S 5 27.5 CL 0.28 SM/ML 1.54 6
WRARFC_003B 9 15.45 CL 0.028 SP 28 1000

K94a_BA4 4 33.5 CL 0.28 ML/SM/SP 3.05 11

WRARFC_024S CL 5 0.28 SM 12 2.8 ML 15.5 0.57
WRARFC_003B CL 9 0.028 SP 15.45 28

K94a_BA4 CL 4 0.28 ML 7.5 0.57 SM 25 2.8 SP 1 28
9
5 1.54

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 4/29/2011

H. Mulder
M. KynettAnalysis By:

Without Project No Improvements
0.88
0.90

Date:ARN Reach E Unit 7
Arcade Creek North
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

339

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

3

Coefficient 
of Variation

25

Coefficient 
of Variation

6 170

Variation 

5010 36 9899649573

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

9

Aquifer Material 2

4

Transformed Aquifer 
Horizontal Permeability

(kf)

3.05
28

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type



ARN Reach E (ACN) U7 LM 0.90 Without Project.xls 2/11/2013

43.94
31.69
26.77

Toe 0.00 31.69 0.0000
Toe+3ft 3.00 34.69 0.0403

339 332 Half Height 6.13 37.82 0.2925
6 3 Crest-3ft 9.25 40.94 0.5580

25 9 Crest 12.25 43.94 0.7245

NO 7A 10 100 ∞ 112

Rh   Rh
Head = 12.25  Head = 9.25  

 

1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 8.23 1.37 1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 6.22 1.04
2 671 6.00 25.00 10.00 317.31 0.0585 9.10 1.52 2 671 6.00 25.00 10.00 317.31 0.0585 6.87 1.15
3 7 6.00 25.00 9.68 31.89 0.1766 2.76 0.46 3 7 6.00 25.00 9.68 31.89 0.1766 2.08 0.35
4 339 9.00 25.00 10.00 276.18 0.0647 8.76 0.97 4 339 9.00 25.00 10.00 276.18 0.0647 6.62 0.74
5 339 3.00 25.00 9.99 159.45 0.0928 7.25 2.42 5 339 3.00 25.00 9.99 159.45 0.0928 5.47 1.82
6 339 6.00 34.00 10.00 262.98 0.0912 8.64 1.44 6 339 6.00 34.00 10.00 262.98 0.0912 6.52 1.09
7 339 6.00 16.00 9.99 180.40 0.0551 7.61 1.27 7 339 6.00 16.00 9.99 180.40 0.0551 5.75 0.96

Total 0.813750 100.00 Total 0.455825 100.00
E[I] = 1.370000 E[ln I] = 0.134730 E[I] = 1.040000 E[ln I] = -0.136613

Var[I]= 0.813750 Var[I]= 0.455825
σ[I]= 0.902081 σ [ln I] = 0.600134 σ[I]= 0.675148 σ [ln I] = 0.593016

V(I) = 0.658453 β = 0.224500 V(I) = 0.649181 β = -0.230370
F(z)  = 0.275480 F(z)  = 0.441994

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 72.452008 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 55.800618

Rh  Rh  
Head = 6.13 Head = 3.00

1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 4.12 0.69 1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 2.02 0.34
2 671 6.00 25.00 10.00 317.31 0.0585 4.55 0.76 2 671 6.00 25.00 10.00 317.31 0.0585 2.23 0.37
3 7 6.00 25.00 9.68 31.89 0.1766 1.38 0.23 3 7 6.00 25.00 9.68 31.89 0.1766 0.68 0.11
4 339 9.00 25.00 10.00 276.18 0.0647 4.38 0.49 4 339 9.00 25.00 10.00 276.18 0.0647 2.15 0.24
5 339 3.00 25.00 9.99 159.45 0.0928 3.62 1.21 5 339 3.00 25.00 9.99 159.45 0.0928 1.78 0.59
6 339 6.00 34.00 10.00 262.98 0.0912 4.32 0.72 6 339 6.00 34.00 10.00 262.98 0.0912 2.12 0.35
7 339 6.00 16.00 9.99 180.40 0.0551 3.81 0.64 7 339 6.00 16.00 9.99 180.40 0.0551 1.86 0.31

Total 0.201425 100.00 Total 0.047925 100.00
E[I] = 0.690000 E[ln I] = -0.547473 E[I] = 0.340000 E[ln I] = -1.252225

Var[I]= 0.201425 Var[I]= 0.047925
σ[I]= 0.448804 σ [ln I] = 0.593985 σ[I]= 0.218918 σ [ln I] = 0.588923

V(I) = 0.650441 β = -0.921694 V(I) = 0.643876 β = -2.126297
F(z)  = 0.707475 F(z)  = 0.959716

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 29.252520 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 4.028435

Pr(f)

Run $

0.030625 63.90

0.016900 35.26

% Varianced x1z

0.001600 0.79 0.000400 0.83

$ I Variance 
Component

0.129600

Variance 
Component

64.34

0.070225 34.86

x3 $ hx

0.525625 64.59

% Variance

50 
Permaebility Ratio 

Blanket Thickness (z)
98 

Study Area:

Standard 
Deviation

ARN Reach E Unit 7

Crest Elev.:
0.88

M. Kynett

Without Project No Improvements

Parameter

Project: American River Common Features GRR

4/29/2011
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

0.90

d

Arcade Creek North

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

36 

hx

34.52

$

Crest-3ft

x1

I

Variance 
Component

35.10

63.97

Toe+3ft

x3

0.89

RunVariance 
Component

0.160000

0.291600

Crest

0.007225 0.004225 0.93

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

0.280900

Underseepage Reliability Analysis With Blanket Theory Analysis

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 
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ARN Reach E (ACN) U7 LM 0.90 Without Project.xls 2/11/2013

43.94
31.69
26.77

Toe 0.00 31.69 0.0000
Toe+3ft 3.00 34.69 0.000000

0.4 0.0 Half Height 6.13 37.82 0.000000
0.7 0.07 Crest-3ft 9.25 40.94 0.000000

1.00E-10 3.00E-11 Crest 12.25 43.94 0.000000

Head = 12.25 0.500 Head = 9.25 0.470

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.40 0.70 1.00E-10 12.07 24.13 1 (Mean) 0.40 0.70 1.00E-10 12.07 25.67
2 0.36 0.70 1.00E-10 10.86 21.72 2 0.36 0.70 1.00E-10 10.86 23.11
3 0.44 0.70 1.00E-10 13.27 26.55 3 0.44 0.70 1.00E-10 13.27 28.24
4 0.40 0.63 1.00E-10 11.45 22.90 4 0.40 0.63 1.00E-10 11.45 24.36
5 0.40 0.77 1.00E-10 12.66 25.31 5 0.40 0.77 1.00E-10 12.66 26.93
6 0.40 0.70 7.00E-11 14.42 28.85 6 0.40 0.70 7.00E-11 14.42 30.69
7 0.40 0.70 1.30E-10 10.58 21.17 7 0.40 0.70 1.30E-10 10.58 22.52
E[FS] = 24.133673 E[ln FS] = 3.165050 Total 100.00 E[FS] = 25.674120 E[ln FS] = 3.226925 Total 100.00

Var[FS]= 22.024406 Var[FS]= 24.925765
σ[FS]= 4.693017 σ[ln FS]= 0.192658 β = 16.428361 σ[FS]= 4.992571 σ[ln FS]= 0.192658 β = 16.749528

V(FS) = 0.194459 F(z)  = 0.000000 V(FS) = 0.194459 F(z)  = 0.000000
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 6.13 0.400 Head = 3.00 0.230

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.40 0.70 1.00E-10 12.07 30.17 1 (Mean) 0.40 0.70 1.00E-10 12.07 52.46
2 0.36 0.70 1.00E-10 10.86 27.15 2 0.36 0.70 1.00E-10 10.86 47.22
3 0.44 0.70 1.00E-10 13.27 33.18 3 0.44 0.70 1.00E-10 13.27 57.71
4 0.40 0.63 1.00E-10 11.45 28.62 4 0.40 0.63 1.00E-10 11.45 49.77
5 0.40 0.77 1.00E-10 12.66 31.64 5 0.40 0.77 1.00E-10 12.66 55.03
6 0.40 0.70 7.00E-11 14.42 36.06 6 0.40 0.70 7.00E-11 14.42 62.71
7 0.40 0.70 1.30E-10 10.58 26.46 7 0.40 0.70 1.30E-10 10.58 46.01
E[FS] = 30.167091 E[ln FS] = 3.388193 Total 100.00 E[FS] = 52.464507 E[ln FS] = 3.941578 Total 100.00

Var[FS]= 34.413135 Var[FS]= 104.085096
σ[FS]= 5.866271 σ[ln FS]= 0.192658 β = 17.586599 σ[FS]= 10.202210 σ[ln FS]= 0.192658 β = 20.458975

V(FS) = 0.194459 F(z)  = 0.000000 V(FS) = 0.194459 F(z)  = 0.000000
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

34.413135 104.085096

66.93 69.661250

2.280850 6.63 6.898601 6.63

23.031751 66.93

9.100534 26.44 27.525245 26.44

22.024406 24.925765

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

1.459744 6.63 1.652042 6.63

14.740321 66.93 16.682119 66.93

5.824342 26.44 6.591605 26.44

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

NO
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

4/29/2011
Study Area: Arcade Creek North

Random Variables - Clay (CL) and Clayey Sand (SC) Levee Analysis 
Case

Head Elevation

River Section: ARN Reach E Unit 7 Analysis Case Without Project No Improvements W/S Toe Elev.: Date:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 0.90 Crest Elev.: Analysis By: M. Kynett
River Mile: 0.88 L/S Toe Elev.: Checked By: H. Mulder

0.00 
0.20 
0.40 
0.60 
0.80 
1.00 

25 30 35 40 45 50 55 

Pr
(F

ai
lu

re
) 

Water Elevation (ft) 

Through-Seepage Probability of Poor Performance 



ARN Reach E (ACN) U7 LM 0.90 Without Project.xls 2/11/2013

43.94
31.69
26.77

Toe 0.00 31.69 0.0000
Toe+3ft 3.00 34.69 0.000000

28 4 Half Height 6.13 37.82 0.000000
50 20 Crest-3ft 9.25 40.94 0.037401

115 8 Crest 12.25 43.94 0.681442
28 4
50 20

Head = 12.25 Pr(f)=0 NO Head = 9.25 Pr(f)=0 NO

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 28 50 115 28 50 0.92 1 (Mean) 28 50 115 28 50 1.18
2 24 50 115 28 50 0.73 2 24 50 115 28 50 1.08
3 32 50 115 28 50 1.00 3 32 50 115 28 50 1.23
4 28 30 115 28 50 0.85 4 28 30 115 28 50 1.12
5 28 70 115 28 50 0.86 5 28 70 115 28 50 1.21
6 28 50 107 28 50 0.75 6 28 50 107 28 50 1.12
7 28 50 123 28 50 0.96 7 28 50 123 28 50 1.14
8 28 50 115 24 50 0.76 8 28 50 115 24 50 1.11
9 28 50 115 32 50 0.95 9 28 50 115 32 50 1.21

10 28 50 115 28 30 0.75 10 28 50 115 28 30 1.15
11 28 50 115 28 70 0.95 11 28 50 115 28 70 1.22
E[FS] = 0.920000 E[ln FS] = -0.111130 Total 100.00 E[FS] = 1.180000 E[ln FS] = 0.161411 Total 100.00

Var[FS]= 0.048300 Var[FS]= 0.011475
σ[FS]= 0.219773 σ[ln FS]= 0.235577 β = -0.471735 σ[FS]= 0.107121 σ[ln FS]= 0.090595 β = 1.781680

V(FS) = 0.238883 F(z)  = 0.681442 V(FS) = 0.090781 F(z)  = 0.037401
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 68.144204 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 3.740068

  
Head = 6.13 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 28 50 115 28 50 1.40 1 (Mean) 28 50 115 28 50 1.52
2 24 50 115 28 50 2 24 50 115 28 50
3 32 50 115 28 50 3 32 50 115 28 50
4 28 30 115 28 50 4 28 30 115 28 50
5 28 70 115 28 50 5 28 70 115 28 50
6 28 50 107 28 50 6 28 50 107 28 50
7 28 50 123 28 50 7 28 50 123 28 50
8 28 50 115 24 50 8 28 50 115 24 50
9 28 50 115 32 50 9 28 50 115 32 50

10 28 50 115 28 30 10 28 50 115 28 30
11 28 50 115 28 70 11 28 50 115 28 70
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case Without Project No Improvements W/S Toe Elev.:

0.048300

0.005625

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

0.010000

40.00 

Crest

7.00 
Foundation Ф

0.90 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

Arcade Creek North

Variance Component

17.65

0.000100 0.87

0.011475

0.002500 21.79

0.001225 10.68

22.830.011025

18.69

Crest-3ft

40.00 
13.00 

0.018225

0.002025

Variance Component Variance Component

0.000025

0.88
4/29/2011

37.73

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

49.02

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: M. Kynett

River Mile:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

20.70

0.05

Random Variables

13.00 
Foundation Cohesion

0.009025

Standard 
Deviation

ARN Reach E Unit 7

Elevation

0.00 

0.20 

0.40 
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0.80 

1.00 
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Stability Probability of Poor Performance 
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Levee Mile: 0.90 43.94 M. Kynett
River Mile: 0.88 31.69 H. Mulder

W/S Toe Elev.: 26.77 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
31.69 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
34.69 0.0005 0.9995 0.0100 0.9900 0.0050 0.9950 0.0100 0.9900 0.0030 0.9970 0.0282 0.9718
37.82 0.0025 0.9975 0.0200 0.9800 0.0100 0.9900 0.0200 0.9800 0.0070 0.9930 0.0582 0.9418
40.94 0.0050 0.9950 0.0400 0.9600 0.0200 0.9800 0.0400 0.9600 0.0100 0.9900 0.1103 0.8897
43.94 0.0100 0.9900 0.0600 0.9400 0.0300 0.9700 0.0600 0.9400 0.0300 0.9700 0.1769 0.8231

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARN Reach E Unit 7 LM 0.9 Without Project No Improvements

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: Arcade Creek North

River Section: Analysis Case: Without Project No Improvem

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARN Reach E Unit 7

Utilities

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

25 30 35 40 45 50 55 

Pr
(f

ai
lu

re
) 

Water Elevation (ft) 

Judgment Probability of Poor Performance Curve - ARN Reach E Unit 7 LM 0.9 Without Project No 
Improvements 

Vegetation Animal Burrows Encroachments  Utilities Erosion Judgment 
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Project: Levee Mile: 0.90 43.94 Analysis By: M. Kynett
Study Area: River Mile: 0.88 31.69 Checked By: H. Mulder

River Section: W/S Toe Elev.: 26.77 Date: 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
31.69 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
34.69 0.0403 0.9597 0.0000 1.0000 0.0000 1.0000 0.0282 0.9718 0.0674 0.9326
37.82 0.2925 0.7075 0.0000 1.0000 0.0000 1.0000 0.0582 0.9418 0.3337 0.6663
40.94 0.5580 0.4420 0.0000 1.0000 0.0374 0.9626 0.1103 0.8897 0.6215 0.3785
43.94 0.7245 0.2755 0.0000 1.0000 0.6814 0.3186 0.1769 0.8231 0.9278 0.0722

Arcade Creek North

Combined Probability of Poor Performance Curve - ARN Reach E Unit 7 LM 0.9 Without Project No Improvements

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

Without Project No Improvements
 

ARN Reach E Unit 7 Analysis Case:

Through-Seepage
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43.94
31.69
26.77

Material Kb (ft/day) Material Kf (ft/day)
WRARFC_024S 5 27.5 CL 0.28 SM/ML 1.54 6
WRARFC_003B 9 15.45 CL 0.028 SP 28 1000

K94a_BA4 4 33.5 CL 0.28 ML/SM/SP 3.05 11

WRARFC_024S CL 5 0.28 SM 12 2.8 ML 15.5 0.57
WRARFC_003B CL 9 0.028 SP 15.45 28

K94a_BA4 CL 4 0.28 ML 7.5 0.57 SM 25 2.8 SP 1 28
9
5 1.54

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 4/29/2011

H. Mulder
M. KynettAnalysis By:

With Project Cutoff Wall
0.88
0.90

Date:ARN Reach E Unit 7
Arcade Creek North
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

339

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

3

Coefficient 
of Variation

25

Coefficient 
of Variation

6 170

Variation 

5010 36 9899649573

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

9

Aquifer Material 2

4

Transformed Aquifer 
Horizontal Permeability

(kf)

3.05
28

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type
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43.94
31.69
26.77

Toe 0.00 31.69 0.0000
Toe+3ft 3.00 34.69 0.0000

339 332 Half Height 6.13 37.82 0.0000
6 3 Crest-3ft 9.25 40.94 0.0000

25 9 Crest 12.25 43.94 0.0000

YES 7A 10 100 ∞ 112

Rh   Rh
Head = 12.25  Head = 9.25  

 

1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 8.23 1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 6.22
2 671 6.00 25.00 10.00 317.31 0.0585 9.10 2 671 6.00 25.00 10.00 317.31 0.0585 6.87
3 7 6.00 25.00 9.68 31.89 0.1766 2.76 3 7 6.00 25.00 9.68 31.89 0.1766 2.08
4 339 9.00 25.00 10.00 276.18 0.0647 8.76 4 339 9.00 25.00 10.00 276.18 0.0647 6.62
5 339 3.00 25.00 9.99 159.45 0.0928 7.25 5 339 3.00 25.00 9.99 159.45 0.0928 5.47
6 339 6.00 34.00 10.00 262.98 0.0912 8.64 6 339 6.00 34.00 10.00 262.98 0.0912 6.52
7 339 6.00 16.00 9.99 180.40 0.0551 7.61 7 339 6.00 16.00 9.99 180.40 0.0551 5.75

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Rh  Rh  
Head = 6.13 Head = 3.00

1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 4.12 1 (Mean) 339 6.00 25.00 9.99 225.50 0.0745 2.02
2 671 6.00 25.00 10.00 317.31 0.0585 4.55 2 671 6.00 25.00 10.00 317.31 0.0585 2.23
3 7 6.00 25.00 9.68 31.89 0.1766 1.38 3 7 6.00 25.00 9.68 31.89 0.1766 0.68
4 339 9.00 25.00 10.00 276.18 0.0647 4.38 4 339 9.00 25.00 10.00 276.18 0.0647 2.15
5 339 3.00 25.00 9.99 159.45 0.0928 3.62 5 339 3.00 25.00 9.99 159.45 0.0928 1.78
6 339 6.00 34.00 10.00 262.98 0.0912 4.32 6 339 6.00 34.00 10.00 262.98 0.0912 2.12
7 339 6.00 16.00 9.99 180.40 0.0551 3.81 7 339 6.00 16.00 9.99 180.40 0.0551 1.86

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Pr(f)

Run $

% Varianced x1z $ I Variance 
Component

Variance 
Component

x3 $ hx% Variance

50 
Permaebility Ratio 

Blanket Thickness (z)
98 

Study Area:

Standard 
Deviation

ARN Reach E Unit 7

Crest Elev.:
0.88

M. Kynett

With Project Cutoff Wall

Parameter

Project: American River Common Features GRR

4/29/2011
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

0.90

d

Arcade Creek North

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

36 

hx$

Crest-3ft

x1

I

Variance 
Component

Toe+3ft

x3 RunVariance 
Component

Crest

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

Underseepage Reliability Analysis With Blanket Theory Analysis
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43.94
31.69
26.77

Toe 0.00 31.69 0.0000
Toe+3ft 3.00 34.69 0.000000

0.4 0.0 Half Height 6.13 37.82 0.000000
0.7 0.07 Crest-3ft 9.25 40.94 0.000000

1.00E-10 3.00E-11 Crest 12.25 43.94 0.000000

Head = 12.25 0.500 Head = 9.25 0.470

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.40 0.70 1.00E-10 12.07 1 (Mean) 0.40 0.70 1.00E-10 12.07
2 0.36 0.70 1.00E-10 10.86 2 0.36 0.70 1.00E-10 10.86
3 0.44 0.70 1.00E-10 13.27 3 0.44 0.70 1.00E-10 13.27
4 0.40 0.63 1.00E-10 11.45 4 0.40 0.63 1.00E-10 11.45
5 0.40 0.77 1.00E-10 12.66 5 0.40 0.77 1.00E-10 12.66
6 0.40 0.70 7.00E-11 14.42 6 0.40 0.70 7.00E-11 14.42
7 0.40 0.70 1.30E-10 10.58 7 0.40 0.70 1.30E-10 10.58
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 6.13 0.400 Head = 3.00 0.230

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.40 0.70 1.00E-10 12.07 1 (Mean) 0.40 0.70 1.00E-10 12.07
2 0.36 0.70 1.00E-10 10.86 2 0.36 0.70 1.00E-10 10.86
3 0.44 0.70 1.00E-10 13.27 3 0.44 0.70 1.00E-10 13.27
4 0.40 0.63 1.00E-10 11.45 4 0.40 0.63 1.00E-10 11.45
5 0.40 0.77 1.00E-10 12.66 5 0.40 0.77 1.00E-10 12.66
6 0.40 0.70 7.00E-11 14.42 6 0.40 0.70 7.00E-11 14.42
7 0.40 0.70 1.30E-10 10.58 7 0.40 0.70 1.30E-10 10.58
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

YES
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

4/29/2011
Study Area: Arcade Creek North

Random Variables - Clay (CL) and Clayey Sand (SC) Levee Analysis 
Case

Head Elevation

River Section: ARN Reach E Unit 7 Analysis Case With Project Cutoff Wall W/S Toe Elev.: Date:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 0.90 Crest Elev.: Analysis By: M. Kynett
River Mile: 0.88 L/S Toe Elev.: Checked By: H. Mulder

0.00 
0.20 
0.40 
0.60 
0.80 
1.00 

25 30 35 40 45 50 55 

Pr
(F

ai
lu

re
) 

Water Elevation (ft) 
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43.94
31.69
26.77

Toe 0.00 31.69 0.0000
Toe+3ft 3.00 34.69 0.000000

24 3 Half Height 6.13 37.82 0.000000
50 20 Crest-3ft 9.25 40.94 0.000000

115 8 Crest 12.25 43.94 0.000000
28 4
50 20

Head = 12.25 Pr(f)=0 YES Head = 9.25 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 24 50 115 28 50 1.37 1 (Mean) 24 50 115 28 50 1.51
2 21 50 115 28 50 2 21 50 115 28 50
3 27 50 115 28 50 3 27 50 115 28 50
4 24 30 115 28 50 4 24 30 115 28 50
5 24 70 115 28 50 5 24 70 115 28 50
6 24 50 107 28 50 6 24 50 107 28 50
7 24 50 123 28 50 7 24 50 123 28 50
8 24 50 115 24 50 8 24 50 115 24 50
9 24 50 115 32 50 9 24 50 115 32 50

10 24 50 115 28 30 10 24 50 115 28 30
11 24 50 115 28 70 11 24 50 115 28 70
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 6.13 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 24 50 115 28 50 1.54 1 (Mean) 24 50 115 28 50 1.61
2 21 50 115 28 50 2 21 50 115 28 50
3 27 50 115 28 50 3 27 50 115 28 50
4 24 30 115 28 50 4 24 30 115 28 50
5 24 70 115 28 50 5 24 70 115 28 50
6 24 50 107 28 50 6 24 50 107 28 50
7 24 50 123 28 50 7 24 50 123 28 50
8 24 50 115 24 50 8 24 50 115 24 50
9 24 50 115 32 50 9 24 50 115 32 50

10 24 50 115 28 30 10 24 50 115 28 30
11 24 50 115 28 70 11 24 50 115 28 70
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case With Project Cutoff Wall W/S Toe Elev.:

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

40.00 

Crest

7.00 
Foundation Ф

0.90 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

Arcade Creek North

Variance Component

Crest-3ft

40.00 
13.00 

Variance Component Variance Component

0.88
4/29/2011

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: M. Kynett

River Mile:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

Random Variables

13.00 
Foundation Cohesion

Standard 
Deviation

ARN Reach E Unit 7

Elevation
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Levee Mile: 0.90 43.94 M. Kynett
River Mile: 0.88 31.69 H. Mulder

W/S Toe Elev.: 26.77 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
31.69 0.0000 1.0000 0.0050 0.9950 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0050 0.9950
34.69 0.0025 0.9975 0.0100 0.9900 0.0044 0.9956 0.0025 0.9975 0.0030 0.9970 0.0222 0.9778
37.82 0.0050 0.9950 0.0150 0.9850 0.0088 0.9913 0.0050 0.9950 0.0070 0.9930 0.0401 0.9599
40.94 0.0075 0.9925 0.0170 0.9830 0.0175 0.9825 0.0075 0.9925 0.0100 0.9900 0.0581 0.9419
43.94 0.0100 0.9900 0.0200 0.9800 0.0350 0.9650 0.0100 0.9900 0.0300 0.9700 0.1009 0.8991

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARN Reach E Unit 7 LM 0.9 With Project Cutoff Wall

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: Arcade Creek North

River Section: Analysis Case: With Project Cutoff Wall

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARN Reach E Unit 7

Utilities
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Judgment Probability of Poor Performance Curve - ARN Reach E Unit 7 LM 0.9 With Project Cutoff 
Wall 

Vegetation Animal Burrows Encroachments  Utilities Erosion Judgment 
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Project: Levee Mile: 0.90 43.94 Analysis By: M. Kynett
Study Area: River Mile: 0.88 31.69 Checked By: H. Mulder

River Section: W/S Toe Elev.: 26.77 Date: 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
31.69 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0050 0.9950 0.0050 0.9950
34.69 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0222 0.9778 0.0222 0.9778
37.82 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0401 0.9599 0.0401 0.9599
40.94 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0581 0.9419 0.0581 0.9419
43.94 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.1009 0.8991 0.1009 0.8991

Arcade Creek North

Combined Probability of Poor Performance Curve - ARN Reach E Unit 7 LM 0.9 With Project Cutoff Wall

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

With Project Cutoff Wall
 

ARN Reach E Unit 7 Analysis Case:

Through-Seepage
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Underseepage Through-Seepage Stability Judgment Combined 
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48.83
32.79
28.64

Material Kb (ft/day) Material Kf (ft/day)
WCSBAR-003B 9.5 45.5 ML 0.14 SM/SP-SM/GW 19.58 140

2F-00-9W 7.96 30 ML/SM 0.14 SM/SP-SM/GW 16.89 121
2F-97-23 9 31.2 CL/ML/SM 0.028 SM/SP-SM/GW 20.08 717

2F-00-114 10.5 53 CL/SC/ML 0.035 SM/SP-SM/GW 20.84 595
2F-99-17 20 34 SM 0.709 SW-SM/GW 25.18 36
2F-08-03 14.5 43 ML 0.14 SP/GP 23.77 170

2F-07-03A 10.51 45 CL/ML 0.00709 SP/GP 20.22 2852

WCSBAR-003B ML 9.5 0.14 SM 17.5 2.8 SP-SM 5.5 14 GW 22.5 34
2F-00-9W ML 4.5 0.14 SM 17.5 0.709 SM 11 2.8 SP-SM 8.5 14 GW 10.5 34
2F-97-23 CL 7 0.028 ML/SM 10 0.14 SM 9.85 2.8 SP-SM 6.35 14 GW 15 34

2F-00-114 CL/SC 9 0.035 ML 6 0.14 SM 10.5 2.8 SP-SM 18.5 14 GW 24 34
2F-99-17 SM 20 0.709 SW-SM 15 14 GW 19 34
2F-08-03 ML 14.5 0.14 SP 22 14 GP 21 34

2F-07-03A CL 10 0.00709 ML 10 0.14 SP 31 14 GP 14 34

7.96
9.5 19.58

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 4/29/2011

H. Mulder
M. KynettAnalysis By:

Without Project Cutoff Wall
3.94
3.90

Date:ARS Reach B Unit 4
American River
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

661

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

4

Coefficient 
of Variation

40

Coefficient 
of Variation

12 427

Variation 

3344 23 987691601000

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

9

Aquifer Material 2

10.51
14.5
20

10.5
9

Transformed Aquifer 
Horizontal Permeability

(kf)

20.22
23.77
25.18
20.84
20.08
16.89

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type



ARS Reach B (ARS) U4 LM 3.90 Without Project.xls 2/11/2013

48.83
32.79
28.64

Toe 0.00 32.79 0.0000
Toe+3ft 3.00 35.79 0.0000

661 648 Half Height 8.02 40.81 0.0000
12 4 Crest-3ft 13.04 45.83 0.0000
40 9 Crest 16.04 48.83 0.0000

YES 7A 0 125 ∞ 112

Rh   Rh
Head = 16.04  Head = 13.04  

 

1 (Mean) 661 12.00 40.00 0.00 563.28 0.0581 13.13 1 (Mean) 661 12.00 40.00 0.00 563.28 0.0581 10.67
2 1309 12.00 40.00 0.00 792.60 0.0436 13.85 2 1309 12.00 40.00 0.00 792.60 0.0436 11.26
3 13 12.00 40.00 0.00 79.66 0.1954 6.24 3 13 12.00 40.00 0.00 79.66 0.1954 5.08
4 661 16.00 40.00 0.00 650.42 0.0516 13.45 4 661 16.00 40.00 0.00 650.42 0.0516 10.94
5 661 8.00 40.00 0.00 459.91 0.0684 12.61 5 661 8.00 40.00 0.00 459.91 0.0684 10.25
6 661 12.00 49.00 0.00 623.43 0.0655 13.36 6 661 12.00 49.00 0.00 623.43 0.0655 10.86
7 661 12.00 31.00 0.00 495.87 0.0499 12.81 7 661 12.00 31.00 0.00 495.87 0.0499 10.41

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Rh  Rh  
Head = 8.02 Head = 3.00

1 (Mean) 661 12.00 40.00 0.00 563.28 0.0581 6.56 1 (Mean) 661 12.00 40.00 0.00 563.28 0.0581 2.46
2 1309 12.00 40.00 0.00 792.60 0.0436 6.93 2 1309 12.00 40.00 0.00 792.60 0.0436 2.59
3 13 12.00 40.00 0.00 79.66 0.1954 3.12 3 13 12.00 40.00 0.00 79.66 0.1954 1.17
4 661 16.00 40.00 0.00 650.42 0.0516 6.73 4 661 16.00 40.00 0.00 650.42 0.0516 2.52
5 661 8.00 40.00 0.00 459.91 0.0684 6.31 5 661 8.00 40.00 0.00 459.91 0.0684 2.36
6 661 12.00 49.00 0.00 623.43 0.0655 6.68 6 661 12.00 49.00 0.00 623.43 0.0655 2.50
7 661 12.00 31.00 0.00 495.87 0.0499 6.41 7 661 12.00 31.00 0.00 495.87 0.0499 2.40

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Pr(f)

Run $

% Varianced x1z $ I Variance 
Component

Variance 
Component

x3 $ hx% Variance

33 
Permaebility Ratio 

Blanket Thickness (z)
98 

Study Area:

Standard 
Deviation

ARS Reach B Unit 4

Crest Elev.:
3.94

M. Kynett

Without Project Cutoff Wall

Parameter

Project: American River Common Features GRR

4/29/2011
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

3.90

d

American River

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

23 

hx$

Crest-3ft

x1

I

Variance 
Component

Toe+3ft

x3 RunVariance 
Component

Crest

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

Underseepage Reliability Analysis With Blanket Theory Analysis

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

25 30 35 40 45 50 55 

Pr
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) 

Water Elevation (ft) 

Underseepage Probability of Poor Performance 



ARS Reach B (ARS) U4 LM 3.90 Without Project.xls 2/11/2013

48.83
32.79
28.64

Toe 0.00 32.79 0.0000
Toe+3ft 3.00 35.79 0.000000

1.2 0.1 Half Height 8.02 40.81 0.000000
0.25 0.03 Crest-3ft 13.04 45.83 0.000000

1.50E-07 4.50E-08 Crest 16.04 48.83 0.000000

Head = 16.04 0.120 Head = 13.04 0.090

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.20 0.25 1.50E-07 0.56 4.65 1 (Mean) 1.20 0.25 1.50E-07 0.56 6.21
2 1.08 0.25 1.50E-07 0.50 4.19 2 1.08 0.25 1.50E-07 0.50 5.59
3 1.32 0.25 1.50E-07 0.61 5.12 3 1.32 0.25 1.50E-07 0.61 6.83
4 1.20 0.23 1.50E-07 0.53 4.42 4 1.20 0.23 1.50E-07 0.53 5.89
5 1.20 0.28 1.50E-07 0.59 4.88 5 1.20 0.28 1.50E-07 0.59 6.51
6 1.20 0.25 1.05E-07 0.67 5.56 6 1.20 0.25 1.05E-07 0.67 7.42
7 1.20 0.25 1.95E-07 0.49 4.08 7 1.20 0.25 1.95E-07 0.49 5.44
E[FS] = 4.654883 E[ln FS] = 1.519358 Total 100.00 E[FS] = 6.206511 E[ln FS] = 1.807040 Total 100.00

Var[FS]= 0.819360 Var[FS]= 1.456641
σ[FS]= 0.905185 σ[ln FS]= 0.192658 β = 7.886311 σ[FS]= 1.206914 σ[ln FS]= 0.192658 β = 9.379541

V(FS) = 0.194459 F(z)  = 0.000000 V(FS) = 0.194459 F(z)  = 0.000000
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 8.02 0.040 Head = 3.00 0.010

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.20 0.25 1.50E-07 0.56 13.96 1 (Mean) 1.20 0.25 1.50E-07 0.56 55.86
2 1.08 0.25 1.50E-07 0.50 12.57 2 1.08 0.25 1.50E-07 0.50 50.27
3 1.32 0.25 1.50E-07 0.61 15.36 3 1.32 0.25 1.50E-07 0.61 61.44
4 1.20 0.23 1.50E-07 0.53 13.25 4 1.20 0.23 1.50E-07 0.53 52.99
5 1.20 0.28 1.50E-07 0.59 14.65 5 1.20 0.28 1.50E-07 0.59 58.58
6 1.20 0.25 1.05E-07 0.67 16.69 6 1.20 0.25 1.05E-07 0.67 66.76
7 1.20 0.25 1.95E-07 0.49 12.25 7 1.20 0.25 1.95E-07 0.49 48.99
E[FS] = 13.964650 E[ln FS] = 2.617971 Total 100.00 E[FS] = 55.858599 E[ln FS] = 4.004265 Total 100.00

Var[FS]= 7.374243 Var[FS]= 117.987891
σ[FS]= 2.715556 σ[ln FS]= 0.192658 β = 13.588718 σ[FS]= 10.862223 σ[ln FS]= 0.192658 β = 20.784354

V(FS) = 0.194459 F(z)  = 0.000000 V(FS) = 0.194459 F(z)  = 0.000000
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

7.374243 117.987891

66.93 78.966003

0.488754 6.63 7.820057 6.63

4.935375 66.93

1.950114 26.44 31.201831 26.44

0.819360 1.456641

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

0.054306 6.63 0.096544 6.63

0.548375 66.93 0.974889 66.93

0.216679 26.44 0.385208 26.44

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

NO
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

4/29/2011
Study Area: American River

Random Variables - Silty Sand (SM) and Sand (SP) Levee Analysis 
Case

Head Elevation

River Section: ARS Reach B Unit 4 Analysis Case Without Project Cutoff Wall W/S Toe Elev.: Date:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 3.90 Crest Elev.: Analysis By: M. Kynett
River Mile: 3.94 L/S Toe Elev.: Checked By: H. Mulder
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ARS Reach B (ARS) U4 LM 3.90 Without Project.xls 2/11/2013

48.83
32.79
28.64

Toe 0.00 32.79 0.0000
Toe+3ft 3.00 35.79 0.000000

33 4 Half Height 8.02 40.81 0.000000
0 0 Crest-3ft 13.04 45.83 0.000000

125 9 Crest 16.04 48.83 0.000000
30 4
0 0

Head = 16.04 Pr(f)=0 YES Head = 13.04 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 30 0 1.58 1 (Mean) 33 0 125 30 0 1.59
2 29 0 125 30 0 2 29 0 125 30 0
3 37 0 125 30 0 3 37 0 125 30 0
4 33 0 125 30 0 4 33 0 125 30 0
5 33 0 125 30 0 5 33 0 125 30 0
6 33 0 116 30 0 6 33 0 116 30 0
7 33 0 134 30 0 7 33 0 134 30 0
8 33 0 125 26 0 8 33 0 125 26 0
9 33 0 125 34 0 9 33 0 125 34 0

10 33 0 125 30 0 10 33 0 125 30 0
11 33 0 125 30 0 11 33 0 125 30 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 8.02 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 30 0 1.61 1 (Mean) 33 0 125 30 0 1.67
2 29 0 125 30 0 2 29 0 125 30 0
3 37 0 125 30 0 3 37 0 125 30 0
4 33 0 125 30 0 4 33 0 125 30 0
5 33 0 125 30 0 5 33 0 125 30 0
6 33 0 116 30 0 6 33 0 116 30 0
7 33 0 134 30 0 7 33 0 134 30 0
8 33 0 125 26 0 8 33 0 125 26 0
9 33 0 125 34 0 9 33 0 125 34 0

10 33 0 125 30 0 10 33 0 125 30 0
11 33 0 125 30 0 11 33 0 125 30 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case Without Project Cutoff Wall W/S Toe Elev.:

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

40.00 

Crest

7.00 
Foundation Ф

3.90 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

American River

Variance Component

Crest-3ft

40.00 
13.00 

Variance Component Variance Component

3.94
4/29/2011

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: M. Kynett

River Mile:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

Random Variables

13.00 
Foundation Cohesion

Standard 
Deviation

ARS Reach B Unit 4

Elevation

0.00 

0.20 

0.40 
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ARS Reach B (ARS) U4 LM 3.90 Without Project.xls 2/11/2013

Levee Mile: 3.90 48.83 M. Kynett
River Mile: 3.94 32.79 H. Mulder

W/S Toe Elev.: 28.64 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
32.79 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
35.79 0.0050 0.9950 0.0075 0.9925 0.0100 0.9900 0.0100 0.9900 0.1250 0.8750 0.1531 0.8469
40.81 0.0100 0.9900 0.0150 0.9850 0.0200 0.9800 0.0200 0.9800 0.2500 0.7500 0.2976 0.7024
45.83 0.0200 0.9800 0.0170 0.9830 0.0300 0.9700 0.0300 0.9700 0.4000 0.6000 0.4562 0.5438
48.83 0.0300 0.9700 0.0200 0.9800 0.0400 0.9600 0.0400 0.9600 0.6000 0.4000 0.6496 0.3504

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARS Reach B Unit 4 LM 3.9 Without Project Cutoff Wall

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: American River

River Section: Analysis Case: Without Project Cutoff Wall

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARS Reach B Unit 4

Utilities

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

25 30 35 40 45 50 55 

Pr
(f

ai
lu

re
) 

Water Elevation (ft) 

Judgment Probability of Poor Performance Curve - ARS Reach B Unit 4 LM 3.9 Without Project 
Cutoff Wall 

Vegetation Animal Burrows Encroachments  Utilities Erosion Judgment 



ARS Reach B (ARS) U4 LM 3.90 Without Project.xls 2/11/2013

Project: Levee Mile: 3.90 48.83 Analysis By: M. Kynett
Study Area: River Mile: 3.94 32.79 Checked By: H. Mulder

River Section: W/S Toe Elev.: 28.64 Date: 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
32.79 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
35.79 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.1531 0.8469 0.1531 0.8469
40.81 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.2976 0.7024 0.2976 0.7024
45.83 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.4562 0.5438 0.4562 0.5438
48.83 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.6496 0.3504 0.6496 0.3504

American River

Combined Probability of Poor Performance Curve - ARS Reach B Unit 4 LM 3.9 Without Project Cutoff Wall

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

Without Project Cutoff Wall
 

ARS Reach B Unit 4 Analysis Case:

Through-Seepage
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ARS Reach B (ARS) U4 LM 3.90 With Project.xls 2/11/2013

48.83
32.79
28.64

Material Kb (ft/day) Material Kf (ft/day)
WCSBAR-003B 9.5 45.5 ML 0.14 SM/SP-SM/GW 19.58 140

2F-00-9W 7.96 30 ML/SM 0.14 SM/SP-SM/GW 16.89 121
2F-97-23 9 31.2 CL/ML/SM 0.028 SM/SP-SM/GW 20.08 717

2F-00-114 10.5 53 CL/SC/ML 0.035 SM/SP-SM/GW 20.84 595
2F-08-03 14.5 43 ML 0.14 SP/GP 23.77 170

WCSBAR-003B ML 9.5 0.14 SM 17.5 2.8 SP-SM 5.5 14 GW 22.5 34
2F-00-9W ML 4.5 0.14 SM 17.5 0.709 SM 11 2.8 SP-SM 8.5 14 GW 10.5 34
2F-97-23 CL 7 0.028 ML/SM 10 0.14 SM 9.85 2.8 SP-SM 6.35 14 GW 15 34

2F-00-114 CL/SC 9 0.035 ML 6 0.14 SM 10.5 2.8 SP-SM 18.5 14 GW 24 34
2F-08-03 ML 14.5 0.14 SP 22 14 GP 21 34

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type

Transformed Aquifer 
Horizontal Permeability

(kf)

23.77
20.84
20.08
16.89

10

Aquifer Material 2

14.5
10.5

9

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

Coefficient 
of Variation

10 499

Variation 

3032 24 8269780285349

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

3

Coefficient 
of Variation

41

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

American River Common Features GRR
River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

H. Mulder
A. DeusAnalysis By:

With Project Erosion Protection
3.94
3.90

Date:ARS Reach B Unit 4
American River

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 7/5/2012

7.96
9.5 19.58

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1



ARS Reach B (ARS) U4 LM 3.90 With Project.xls 2/11/2013

48.83
32.79
28.64

Toe 0.00 32.79 0.0000
Toe+3ft 3.00 35.79 0.0000

349 285 Half Height 8.02 40.81 0.0000
10 3 Crest-3ft 13.04 45.83 0.0000
41 10 Crest 16.04 48.83 0.0000

YES 7A 0 125 ∞ 112

Rh   Rh
Head = 16.04  Head = 13.04  

 

1 (Mean) 349 10.00 41.00 0.00 378.27 0.0815 12.06 1 (Mean) 349 10.00 41.00 0.00 378.27 0.0815 9.80
2 634 10.00 41.00 0.00 509.84 0.0646 12.88 2 634 10.00 41.00 0.00 509.84 0.0646 10.47
3 64 10.00 41.00 0.00 161.99 0.1429 9.05 3 64 10.00 41.00 0.00 161.99 0.1429 7.36
4 349 13.00 41.00 0.00 431.30 0.0737 12.44 4 349 13.00 41.00 0.00 431.30 0.0737 10.11
5 349 7.00 41.00 0.00 316.49 0.0929 11.50 5 349 7.00 41.00 0.00 316.49 0.0929 9.35
6 349 10.00 51.00 0.00 421.89 0.0933 12.37 6 349 10.00 51.00 0.00 421.89 0.0933 10.06
7 349 10.00 31.00 0.00 328.92 0.0683 11.62 7 349 10.00 31.00 0.00 328.92 0.0683 9.45

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Rh  Rh  
Head = 8.02 Head = 3.00

1 (Mean) 349 10.00 41.00 0.00 378.27 0.0815 6.03 1 (Mean) 349 10.00 41.00 0.00 378.27 0.0815 2.25
2 634 10.00 41.00 0.00 509.84 0.0646 6.44 2 634 10.00 41.00 0.00 509.84 0.0646 2.41
3 64 10.00 41.00 0.00 161.99 0.1429 4.53 3 64 10.00 41.00 0.00 161.99 0.1429 1.69
4 349 13.00 41.00 0.00 431.30 0.0737 6.22 4 349 13.00 41.00 0.00 431.30 0.0737 2.33
5 349 7.00 41.00 0.00 316.49 0.0929 5.75 5 349 7.00 41.00 0.00 316.49 0.0929 2.15
6 349 10.00 51.00 0.00 421.89 0.0933 6.19 6 349 10.00 51.00 0.00 421.89 0.0933 2.31
7 349 10.00 31.00 0.00 328.92 0.0683 5.81 7 349 10.00 31.00 0.00 328.92 0.0683 2.17

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Pr(f)=0

Half Height

x3

hx

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

Underseepage Reliability Analysis With Blanket Theory Analysis

Crest

ElevationHead

z x1

BTA Case 
No.

% VarianceVariance 
Component

Toe+3ft

x3 RunVariance 
Component

24 

hx$

Crest-3ft

x1

I

3.90

d

American River

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:
Crest Elev.:

3.94
A. Deus

With Project Erosion Protection

Parameter

Project: American River Common Features GRR

7/5/2012
H. Mulder

Levee Mile:

30 
Permaebility Ratio 

Blanket Thickness (z)
82 

Study Area:

Standard 
Deviation

ARS Reach B Unit 4

x3 $ hx% Variance

Variance 
Component

Variance 
Component

x1z $ I

Pr(f)

Run $

% Varianced

0.00 

0.20 

0.40 
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0.80 
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ARS Reach B (ARS) U4 LM 3.90 With Project.xls 2/11/2013

48.83
32.79
28.64

Toe 0.00 32.79 0.0000
Toe+3ft 3.00 35.79 0.000000

1.2 0.1 Half Height 8.02 40.81 0.000000
0.25 0.03 Crest-3ft 13.04 45.83 0.000000

1.50E-07 4.50E-08 Crest 16.04 48.83 0.000000

Head = 16.04 0.120 Head = 13.04 0.090

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.20 0.25 1.50E-07 0.56 4.65 1 (Mean) 1.20 0.25 1.50E-07 0.56 6.21
2 1.08 0.25 1.50E-07 0.50 4.19 2 1.08 0.25 1.50E-07 0.50 5.59
3 1.32 0.25 1.50E-07 0.61 5.12 3 1.32 0.25 1.50E-07 0.61 6.83
4 1.20 0.23 1.50E-07 0.53 4.42 4 1.20 0.23 1.50E-07 0.53 5.89
5 1.20 0.28 1.50E-07 0.59 4.88 5 1.20 0.28 1.50E-07 0.59 6.51
6 1.20 0.25 1.05E-07 0.67 5.56 6 1.20 0.25 1.05E-07 0.67 7.42
7 1.20 0.25 1.95E-07 0.49 4.08 7 1.20 0.25 1.95E-07 0.49 5.44
E[FS] = 4.654883 E[ln FS] = 1.519358 Total 100.00 E[FS] = 6.206511 E[ln FS] = 1.807040 Total 100.00

Var[FS]= 0.819360 Var[FS]= 1.456641
σ[FS]= 0.905185 σ[ln FS]= 0.192658 β = 7.886311 σ[FS]= 1.206914 σ[ln FS]= 0.192658 β = 9.379541

V(FS) = 0.194459 F(z)  = 0.000000 V(FS) = 0.194459 F(z)  = 0.000000
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 8.02 0.040 Head = 3.00 0.010

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 1.20 0.25 1.50E-07 0.56 13.96 1 (Mean) 1.20 0.25 1.50E-07 0.56 55.86
2 1.08 0.25 1.50E-07 0.50 12.57 2 1.08 0.25 1.50E-07 0.50 50.27
3 1.32 0.25 1.50E-07 0.61 15.36 3 1.32 0.25 1.50E-07 0.61 61.44
4 1.20 0.23 1.50E-07 0.53 13.25 4 1.20 0.23 1.50E-07 0.53 52.99
5 1.20 0.28 1.50E-07 0.59 14.65 5 1.20 0.28 1.50E-07 0.59 58.58
6 1.20 0.25 1.05E-07 0.67 16.69 6 1.20 0.25 1.05E-07 0.67 66.76
7 1.20 0.25 1.95E-07 0.49 12.25 7 1.20 0.25 1.95E-07 0.49 48.99
E[FS] = 13.964650 E[ln FS] = 2.617971 Total 100.00 E[FS] = 55.858599 E[ln FS] = 4.004265 Total 100.00

Var[FS]= 7.374243 Var[FS]= 117.987891
σ[FS]= 2.715556 σ[ln FS]= 0.192658 β = 13.588718 σ[FS]= 10.862223 σ[ln FS]= 0.192658 β = 20.784354

V(FS) = 0.194459 F(z)  = 0.000000 V(FS) = 0.194459 F(z)  = 0.000000
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Crest Elev.: Analysis By: A. Deus
River Mile: 3.94 L/S Toe Elev.: Checked By: H. Mulder

With Project Erosion Protection W/S Toe Elev.: Date:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 3.90

7/5/2012
Study Area: American River

Random Variables - Silty Sand (SM) and Sand (SP) Levee Analysis 
Case

Head Elevation

River Section: ARS Reach B Unit 4 Analysis Case

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 
Initial Porosity (n) 10.00 

Intrinsic Permeability (Ko) 30.00 

NO
Pr(f)=0

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

0.216679 26.44 0.385208 26.44

0.054306 6.63 0.096544 6.63

0.548375 66.93 0.974889 66.93

0.819360 1.456641

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

66.93

1.950114 26.44 31.201831 26.44

Pr(f)

7.374243 117.987891

66.93 78.966003

0.488754 6.63 7.820057 6.63

4.935375

0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
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ARS Reach B (ARS) U4 LM 3.90 With Project.xls 2/11/2013

48.83
32.79
28.64

Toe 0.00 32.79 0.0000
Toe+3ft 3.00 35.79 0.000000

33 4 Half Height 8.02 40.81 0.000000
0 0 Crest-3ft 13.04 45.83 0.000000

125 9 Crest 16.04 48.83 0.000000
30 4
0 0

Head = 16.04 Pr(f)=0 YES Head = 13.04 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 30 0 1.58 1 (Mean) 33 0 125 30 0 1.59
2 29 0 125 30 0 2 29 0 125 30 0
3 37 0 125 30 0 3 37 0 125 30 0
4 33 0 125 30 0 4 33 0 125 30 0
5 33 0 125 30 0 5 33 0 125 30 0
6 33 0 116 30 0 6 33 0 116 30 0
7 33 0 134 30 0 7 33 0 134 30 0
8 33 0 125 26 0 8 33 0 125 26 0
9 33 0 125 34 0 9 33 0 125 34 0

10 33 0 125 30 0 10 33 0 125 30 0
11 33 0 125 30 0 11 33 0 125 30 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 8.02 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 30 0 1.61 1 (Mean) 33 0 125 30 0 1.67
2 29 0 125 30 0 2 29 0 125 30 0
3 37 0 125 30 0 3 37 0 125 30 0
4 33 0 125 30 0 4 33 0 125 30 0
5 33 0 125 30 0 5 33 0 125 30 0
6 33 0 116 30 0 6 33 0 116 30 0
7 33 0 134 30 0 7 33 0 134 30 0
8 33 0 125 26 0 8 33 0 125 26 0
9 33 0 125 34 0 9 33 0 125 34 0

10 33 0 125 30 0 10 33 0 125 30 0
11 33 0 125 30 0 11 33 0 125 30 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

Random Variables

13.00 
Foundation Cohesion

Standard 
Deviation

ARS Reach B Unit 4

Elevation

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: A. Deus

River Mile: 3.94
7/5/2012

L/S Toe Elev.: Checked By:

Head Pr(f)

40.00 
13.00 

Variance Component Variance Component

Crest-3ft

Variance Component

3.90 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

American River

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

40.00 

Crest

7.00 
Foundation Ф

Variance Component

Analysis Case With Project Erosion Protection W/S Toe Elev.:

0.00 
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ARS Reach B (ARS) U4 LM 3.90 With Project.xls 2/11/2013

Levee Mile: 3.90 48.83 A. Deus
River Mile: 3.94 32.79 H. Mulder

W/S Toe Elev.: 28.64 7/5/2012

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
32.79 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.00000 1.0000 0.0000 1.0000
35.79 0.00167 0.9983 0.00500 0.9950 0.00667 0.9933 0.00667 0.9933 0.01000 0.9900 0.0297 0.9703
40.81 0.00333 0.9967 0.01000 0.9900 0.01333 0.9867 0.01333 0.9867 0.02200 0.9780 0.0606 0.9394
45.83 0.00667 0.9933 0.01500 0.9850 0.04000 0.9600 0.02667 0.9733 0.03500 0.9650 0.1178 0.8822
48.83 0.01000 0.9900 0.02000 0.9800 0.04000 0.9600 0.04000 0.9600 0.05000 0.9500 0.1506 0.8494

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARS Reach B Unit 4

Utilities Erosion

Analysis By:
Study Area: American River

River Section: Analysis Case: With Project Erosion Protecti

Judgment

Date:

Crest Elev.:

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARS Reach B Unit 4 LM 3.9 With Project Erosion Protection

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR
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ARS Reach B (ARS) U4 LM 3.90 With Project.xls 2/11/2013

Project: Levee Mile: 3.90 48.83 Analysis By: A. Deus
Study Area: River Mile: 3.94 32.79 Checked By: H. Mulder

River Section: W/S Toe Elev.: 28.64 Date: 7/5/2012

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
32.79 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
35.79 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0297 0.9703 0.0297 0.9703
40.81 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0606 0.9394 0.0606 0.9394
45.83 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.1178 0.8822 0.1178 0.8822
48.83 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.1506 0.8494 0.1506 0.8494

Water Surface 
Elevation

Underseepage Stability Judgment Combined

With Project Erosion Protection
 

ARS Reach B Unit 4 Analysis Case:

Through-Seepage

American River

Combined Probability of Poor Performance Curve - ARS Reach B Unit 4 LM 3.9 With Project Erosion Protection

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve
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ARS Reach F (SRS) U1 LM 5.92 Without Project.xls 2/11/2013

33.23
19.00
22.00

Material Kb (ft/day) Material Kf (ft/day)
2F-05-G4-1 32 57.4 ML 0.14 SP/ML 25.13 180

2F-05-G4-1A 32 63.5 ML 0.14 ML/SM/SP/GP-G 24.85 178
2F-05-G4-2 13.11 94 ML/SM 0.14 SM/SP/GW 20.88 149

2F-05-G4-2A 16 67.2 ML 0.14 SM/SP/GP-GM 12.47 89
K-S-4 9.75 95.25 CL/ML/ML/SM 0.028 SP/GP 29.51 1054

2F-05-G4-3 26 96.8 ML 0.14 SM/SP/GP 22.23 159
2F-05-G4-3A 8.5 90 CL 0.028 SM/SP/GP-GM 20.99 750

K-S-2 28 91 SM 0.709 SM/SP-SM/GP 15.12 21
K-S-3 18.5 93.5 SM 0.709 SM/SP-SM/GM 13.54 19

2F-05-G4-1 ML 32 0.14 SP 51.4 28 ML 6 0.57
2F-05-G4-1A ML 32 0.14 ML/SM 9 2.8 SP 50 28 GP-GM 4.5 34
2F-05-G4-2 ML 10.8 0.14 SM 11.7 0.709 SM 33 2.8 SP 34 28 GW 27 34

2F-05-G4-2A ML 16 0.14 SM 43.8 2.8 SP 13.4 28 GP-GM 10 34
K-S-4 CL/ML 6 0.028 ML/SM 18.75 0.14 SP 71.25 28 GP 24 34

2F-05-G4-3 ML 26 0.14 SM 33 2.8 SP 18.3 28 GP 45.5 34
2F-05-G4-3A CL 8.5 0.028 SM 31 2.8 SP 34 28 GP-GM 25 34

K-S-2 SM 28 0.709 SM 15 2.8 SP-SM 62.5 14 GP 13.5 34
K-S-3 SM 18.5 0.709 SM 19 2.8 SP-SM 66 14 GM 8.5 34

32
32 25.13

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 4/29/2011

H. Mulder
M. KynettAnalysis By:

Without Project Cutoff Wall
50.21
5.92

Date:ARS Reach F Unit 1
Sacramento River
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

289

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

9

Coefficient 
of Variation

83

Coefficient 
of Variation

20 911

Variation 

45118 19 98124190361

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

16

Aquifer Material 2

18.5
28
8.5
26

9.75
16

13.11

Transformed Aquifer 
Horizontal Permeability

(kf)

13.54
15.12
20.99
22.23
29.51
12.47
20.88
24.85

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type



ARS Reach F (SRS) U1 LM 5.92 Without Project.xls 2/11/2013

33.23
19.00
22.00

Toe 0.00 19.00 0.0000
Toe+3ft 3.00 22.00 0.0001

289 283 Half Height 7.12 26.12 0.0193
20 9 Crest-3ft 11.23 30.23 0.1094
83 16 Crest 14.23 33.23 0.2194

NO 7A 20 95 ∞ 112

Rh   Rh
Head = 14.23  Head = 11.23  

 

1 (Mean) 289 20.00 83.00 19.99 692.63 0.1028 12.20 0.61 1 (Mean) 289 20.00 83.00 19.99 692.63 0.1028 9.63 0.48
2 572 20.00 83.00 20.00 974.62 0.0762 12.73 0.64 2 572 20.00 83.00 20.00 974.62 0.0762 10.04 0.50
3 6 20.00 83.00 19.73 97.95 0.3903 6.55 0.33 3 6 20.00 83.00 19.73 97.95 0.3903 5.17 0.26
4 289 29.00 83.00 20.00 834.04 0.0875 12.51 0.43 4 289 29.00 83.00 20.00 834.04 0.0875 9.87 0.34
5 289 11.00 83.00 19.99 513.67 0.1320 11.63 1.06 5 289 11.00 83.00 19.99 513.67 0.1320 9.18 0.83
6 289 20.00 99.00 20.00 756.45 0.1136 12.35 0.62 6 289 20.00 99.00 20.00 756.45 0.1136 9.75 0.49
7 289 20.00 67.00 19.99 622.30 0.0909 12.01 0.60 7 289 20.00 67.00 19.99 622.30 0.0909 9.48 0.47

Total 0.123350 100.00 Total 0.074525 100.00
E[I] = 0.610000 E[ln I] = -0.637448 E[I] = 0.480000 E[ln I] = -0.874094

Var[I]= 0.123350 Var[I]= 0.074525
σ[I]= 0.351212 σ [ln I] = 0.535074 σ[I]= 0.272993 σ [ln I] = 0.529385

V(I) = 0.575758 β = -1.191328 V(I) = 0.568735 β = -1.651148
F(z)  = 0.780622 F(z)  = 0.890583

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 21.937828 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 10.941717

Rh  Rh  
Head = 7.12 Head = 3.00

1 (Mean) 289 20.00 83.00 19.99 692.63 0.1028 6.10 0.31 1 (Mean) 289 20.00 83.00 19.99 692.63 0.1028 2.57 0.13
2 572 20.00 83.00 20.00 974.62 0.0762 6.36 0.32 2 572 20.00 83.00 20.00 974.62 0.0762 2.68 0.13
3 6 20.00 83.00 19.73 97.95 0.3903 3.28 0.16 3 6 20.00 83.00 19.73 97.95 0.3903 1.38 0.07
4 289 29.00 83.00 20.00 834.04 0.0875 6.25 0.22 4 289 29.00 83.00 20.00 834.04 0.0875 2.64 0.09
5 289 11.00 83.00 19.99 513.67 0.1320 5.81 0.53 5 289 11.00 83.00 19.99 513.67 0.1320 2.45 0.22
6 289 20.00 99.00 20.00 756.45 0.1136 6.18 0.31 6 289 20.00 99.00 20.00 756.45 0.1136 2.60 0.13
7 289 20.00 67.00 19.99 622.30 0.0909 6.01 0.30 7 289 20.00 67.00 19.99 622.30 0.0909 2.53 0.13

Total 0.030450 100.00 Total 0.005125 100.00
E[I] = 0.310000 E[ln I] = -1.308807 E[I] = 0.130000 E[ln I] = -2.172653

Var[I]= 0.030450 Var[I]= 0.005125
σ[I]= 0.174499 σ [ln I] = 0.524641 σ[I]= 0.071589 σ [ln I] = 0.514650

V(I) = 0.562901 β = -2.494672 V(I) = 0.550685 β = -4.221614
F(z)  = 0.980743 F(z)  = 0.999924

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 1.925683 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.007592

Pr(f)

Run $

0.004225 82.44

0.000900 17.56

% Varianced x1z

0.000025 0.08 0.000000 0.00

$ I Variance 
Component

0.024025

Variance 
Component

78.90

0.006400 21.02

x3 $ hx

0.099225 80.44

% Variance

45 
Permaebility Ratio 

Blanket Thickness (z)
98 

Study Area:

Standard 
Deviation

ARS Reach F Unit 1

Crest Elev.:
50.21

M. Kynett

Without Project Cutoff Wall

Parameter

Project: American River Common Features GRR

4/29/2011
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

5.92

d

Sacramento River

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

19 

hx

19.48

$

Crest-3ft

x1

I

Variance 
Component

19.32

80.54

Toe+3ft

x3

0.08

RunVariance 
Component

0.014400

0.060025

Crest

0.000100 0.000100 0.13

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

0.024025

Underseepage Reliability Analysis With Blanket Theory Analysis
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ARS Reach F (SRS) U1 LM 5.92 Without Project.xls 2/11/2013

33.23
19.00
22.00

Toe 0.00 19.00 0.0000
Toe+3ft 3.00 22.00 0.000000

0.8 0.1 Half Height 7.12 26.12 0.000000
0.35 0.04 Crest-3ft 11.23 30.23 0.000000

5.00E-07 1.50E-07 Crest 14.23 33.23 0.000000

Head = 14.23 0.000 Head = 11.23 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.80 0.35 5.00E-07 0.24 1 (Mean) 0.80 0.35 5.00E-07 0.24
2 0.72 0.35 5.00E-07 0.22 2 0.72 0.35 5.00E-07 0.22
3 0.88 0.35 5.00E-07 0.27 3 0.88 0.35 5.00E-07 0.27
4 0.80 0.32 5.00E-07 0.23 4 0.80 0.32 5.00E-07 0.23
5 0.80 0.39 5.00E-07 0.25 5 0.80 0.39 5.00E-07 0.25
6 0.80 0.35 3.50E-07 0.29 6 0.80 0.35 3.50E-07 0.29
7 0.80 0.35 6.50E-07 0.21 7 0.80 0.35 6.50E-07 0.21
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 7.12 0.000 Head = 3.00 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.80 0.35 5.00E-07 0.24 1 (Mean) 0.80 0.35 5.00E-07 0.24
2 0.72 0.35 5.00E-07 0.22 2 0.72 0.35 5.00E-07 0.22
3 0.88 0.35 5.00E-07 0.27 3 0.88 0.35 5.00E-07 0.27
4 0.80 0.32 5.00E-07 0.23 4 0.80 0.32 5.00E-07 0.23
5 0.80 0.39 5.00E-07 0.25 5 0.80 0.39 5.00E-07 0.25
6 0.80 0.35 3.50E-07 0.29 6 0.80 0.35 3.50E-07 0.29
7 0.80 0.35 6.50E-07 0.21 7 0.80 0.35 6.50E-07 0.21
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

YES
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

4/29/2011
Study Area: Sacramento River

Random Variables - Silty Sand (SM) and Sand (SP) Levee Analysis 
Case

Head Elevation

River Section: ARS Reach F Unit 1 Analysis Case Without Project Cutoff Wall W/S Toe Elev.: Date:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 5.92 Crest Elev.: Analysis By: M. Kynett
River Mile: 50.21 L/S Toe Elev.: Checked By: H. Mulder
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ARS Reach F (SRS) U1 LM 5.92 Without Project.xls 2/11/2013

33.23
19.00
22.00

Toe 0.00 19.00 0.0000
Toe+3ft 3.00 22.00 0.000000

33 4 Half Height 7.12 26.12 0.000000
0 0 Crest-3ft 11.23 30.23 0.000000

125 9 Crest 14.23 33.23 0.019060
30 4
0 0

Head = 14.23 Pr(f)=0 NO Head = 11.23 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 30 0 1.28 1 (Mean) 33 0 125 30 0 1.32
2 29 0 125 30 0 1.21 2 29 0 125 30 0
3 37 0 125 30 0 1.41 3 37 0 125 30 0
4 33 0 125 30 0 1.28 4 33 0 125 30 0
5 33 0 125 30 0 1.28 5 33 0 125 30 0
6 33 0 116 30 0 1.33 6 33 0 116 30 0
7 33 0 134 30 0 1.32 7 33 0 134 30 0
8 33 0 125 26 0 1.21 8 33 0 125 26 0
9 33 0 125 34 0 1.43 9 33 0 125 34 0

10 33 0 125 30 0 1.28 10 33 0 125 30 0
11 33 0 125 30 0 1.28 11 33 0 125 30 0
E[FS] = 1.280000 E[ln FS] = 0.240153 Total 100.00 E[FS] = E[ln FS] = Total

Var[FS]= 0.022125 Var[FS]=
σ[FS]= 0.148745 σ[ln FS]= 0.115817 β = 2.073551 σ[FS]= σ[ln FS]= β = 

V(FS) = 0.116207 F(z)  = 0.019060 V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 1.906050 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 7.12 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 33 0 125 30 0 1.40 1 (Mean) 33 0 125 30 0 1.46
2 29 0 125 30 0 2 29 0 125 30 0
3 37 0 125 30 0 3 37 0 125 30 0
4 33 0 125 30 0 4 33 0 125 30 0
5 33 0 125 30 0 5 33 0 125 30 0
6 33 0 116 30 0 6 33 0 116 30 0
7 33 0 134 30 0 7 33 0 134 30 0
8 33 0 125 26 0 8 33 0 125 26 0
9 33 0 125 34 0 9 33 0 125 34 0

10 33 0 125 30 0 10 33 0 125 30 0
11 33 0 125 30 0 11 33 0 125 30 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case Without Project Cutoff Wall W/S Toe Elev.:

0.022125

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

0.000000

40.00 

Crest

7.00 
Foundation Ф

5.92 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

Sacramento River

Variance Component

0.110.000025

54.69

Crest-3ft

40.00 
13.00 

0.010000

Variance Component Variance Component

0.000000

50.21
4/29/2011

45.20

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: M. Kynett

River Mile:

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

0.00

0.00

Random Variables

13.00 
Foundation Cohesion

0.012100

Standard 
Deviation

ARS Reach F Unit 1

Elevation
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ARS Reach F (SRS) U1 LM 5.92 Without Project.xls 2/11/2013

Levee Mile: 5.92 33.23 M. Kynett
River Mile: 50.21 19.00 H. Mulder

W/S Toe Elev.: 22.00 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
19.00 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
22.00 0.0050 0.9950 0.0030 0.9970 0.0050 0.9950 0.0050 0.9950 0.0400 0.9600 0.0572 0.9428
26.12 0.0100 0.9900 0.0080 0.9920 0.0200 0.9800 0.0100 0.9900 0.0800 0.9200 0.1234 0.8766
30.23 0.0200 0.9800 0.0200 0.9800 0.0400 0.9600 0.0300 0.9700 0.1200 0.8800 0.2130 0.7870
33.23 0.0300 0.9700 0.0300 0.9700 0.0600 0.9400 0.0400 0.9600 0.1600 0.8400 0.2868 0.7132

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARS Reach F Unit 1 LM 5.92 Without Project Cutoff Wall

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: Sacramento River

River Section: Analysis Case: Without Project Cutoff Wall

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARS Reach F Unit 1

Utilities
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ARS Reach F (SRS) U1 LM 5.92 Without Project.xls 2/11/2013

Project: Levee Mile: 5.92 33.23 Analysis By: M. Kynett
Study Area: River Mile: 50.21 19.00 Checked By: H. Mulder

River Section: W/S Toe Elev.: 22.00 Date: 4/29/2011

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
19.00 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
22.00 0.0001 0.9999 0.0000 1.0000 0.0000 1.0000 0.0572 0.9428 0.0572 0.9428
26.12 0.0193 0.9807 0.0000 1.0000 0.0000 1.0000 0.1234 0.8766 0.1403 0.8597
30.23 0.1094 0.8906 0.0000 1.0000 0.0000 1.0000 0.2130 0.7870 0.2991 0.7009
33.23 0.2194 0.7806 0.0000 1.0000 0.0191 0.9809 0.2868 0.7132 0.4539 0.5461

Sacramento River

Combined Probability of Poor Performance Curve - ARS Reach F Unit 1 LM 5.92 Without Project Cutoff Wall

Without Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

Without Project Cutoff Wall
 

ARS Reach F Unit 1 Analysis Case:

Through-Seepage
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ARS Reach F (SRS) U1 LM 5.92 With Project.xls 2/11/2013

35.05
15.45
21.05

Material Kb (ft/day) Material Kf (ft/day)
2F-05-G4-1 32 57.4 ML 0.14 SP/ML 25.13 180

2F-05-G4-1A 32 63.5 ML 0.14 ML/SM/SP/GP-G 24.85 178
2F-05-G4-2 13.11 94 ML/SM 0.14 SM/SP/GW 20.88 149

2F-05-G4-2A 16 67.2 ML 0.14 SM/SP/GP-GM 12.47 89
K-S-4 9.75 95.25 CL/ML/ML/SM 0.028 SP/GP 29.51 1054

2F-05-G4-3 16 96.8 CL/ML 0.028 SM/SP/GP 22.23 794
2F-05-G4-3A 8.5 90 CL 0.028 SM/SP/GP-GM 20.99 750

K-S-2 28 91 SM 0.709 SM/SP-SM/GP 15.12 21
K-S-3 18.5 93.5 SM 0.709 SM/SP-SM/GM 13.54 19

2F-05-G4-1 ML 32 0.14 SP 51.4 28 ML 6 0.57
2F-05-G4-1A ML 32 0.14 ML/SM 9 2.8 SP 50 28 GP-GM 4.5 34
2F-05-G4-2 ML 10.8 0.14 SM 11.7 0.709 SM 33 2.8 SP 34 28 GW 27 34

2F-05-G4-2A ML 16 0.14 SM 43.8 2.8 SP 13.4 28 GP-GM 10 34
K-S-4 CL/ML 6 0.028 ML/SM 18.75 0.14 SP 71.25 28 GP 24 34

2F-05-G4-3 CL 10 0.028 ML 30 0.14 SM 33 2.8 SP 18.3 28 GP 45.5 34
2F-05-G4-3A CL 8.5 0.028 SM 31 2.8 SP 34 28 GP-GM 25 34

K-S-2 SM 28 0.709 SM 15 2.8 SP-SM 62.5 14 GP 13.5 34
K-S-3 SM 18.5 0.709 SM 19 2.8 SP-SM 66 14 GM 8.5 34

32
32 25.13

Material
Type

Blanket Material 2
Material

Type

Blanket Material 1 (lowest permeability) Transformed Blanket 
Thickness (z) Material

Type

Aquifer Material 1

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Determination of Random Variables For Underseepage Reliability Analysis

Analysis CaseBasin and Reach:
Channel:
Project: Crest Elev.:

L/S Toe Elev.:
W/S Toe Elev.: 6/28/2012

H. Mulder
A. DeusAnalysis By:

With Project Cutoff Wall
50.21
5.92

Date:ARS Reach F Unit 1
Sacramento River
American River Common Features GRR

River Mile:
Levee Mile:

Boring #
Blanket Thickness Variable (z)

Layer
Thickness (ft)

Hydraulic Conductivity Vairables (Kb and Kf)
Standard
Deviation

Mean 
(MLV)

Standard
Deviation

Aquifer Material

Checked By:

Variation 

Aquifer Thickness Variable (d)
Mean 

(MLV) 
Standard
Deviation

359

Layer 
Thickness (ft)

VariationKf/KbCoefficient 
of Variation

Mean 
(MLV)

Blanket

9

Coefficient 
of Variation

83

Coefficient 
of Variation

19 911

Variation 

47111 19 98150273393

Boring # Thickness
(d)

Permeability
(Kb)

Thickness
(z)

Material
Type

Permeability
(Kf)

Thickness
(z)

Permeability
(Kb)

16

Aquifer Material 2

18.5
28
8.5
16

9.75
16

13.11

Transformed Aquifer 
Horizontal Permeability

(kf)

13.54
15.12
20.99
22.23
29.51
12.47
20.88
24.85

Thickness
(d)

Permeability
(Kf)

Thickness
(d)

Permeability
(Kf)

Aquifer Material 3
Material

Type



ARS Reach F (SRS) U1 LM 5.92 With Project.xls 2/11/2013

35.05
15.45
21.05

Toe 0.00 15.45 0.0000
Toe+3ft 3.00 18.45 0.0000

359 352 Half Height 9.80 25.25 0.0000
19 9 Crest-3ft 16.60 32.05 0.0000
83 16 Crest 19.60 35.05 0.0000

YES 7A 20 95 ∞ 112

Rh   Rh
Head = 19.60  Head = 16.60  

 

1 (Mean) 359 19.00 83.00 20.00 752.42 0.0957 17.00 1 (Mean) 359 19.00 83.00 20.00 752.42 0.0957 14.40
2 711 19.00 83.00 20.00 1058.76 0.0707 17.68 2 711 19.00 83.00 20.00 1058.76 0.0707 14.97
3 7 19.00 83.00 19.77 106.41 0.3753 9.43 3 7 19.00 83.00 19.77 106.41 0.3753 7.99
4 359 28.00 83.00 20.00 913.41 0.0807 17.41 4 359 28.00 83.00 20.00 913.41 0.0807 14.74
5 359 10.00 83.00 19.99 545.87 0.1256 16.19 5 359 10.00 83.00 19.99 545.87 0.1256 13.71
6 359 19.00 99.00 20.00 821.75 0.1057 17.19 6 359 19.00 99.00 20.00 821.75 0.1057 14.56
7 359 19.00 67.00 19.99 676.02 0.0847 16.75 7 359 19.00 67.00 19.99 676.02 0.0847 14.19

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Rh  Rh  
Head = 9.80 Head = 3.00

1 (Mean) 359 19.00 83.00 20.00 752.42 0.0957 8.50 1 (Mean) 359 19.00 83.00 20.00 752.42 0.0957 2.60
2 711 19.00 83.00 20.00 1058.76 0.0707 8.84 2 711 19.00 83.00 20.00 1058.76 0.0707 2.71
3 7 19.00 83.00 19.77 106.41 0.3753 4.71 3 7 19.00 83.00 19.77 106.41 0.3753 1.44
4 359 28.00 83.00 20.00 913.41 0.0807 8.70 4 359 28.00 83.00 20.00 913.41 0.0807 2.66
5 359 10.00 83.00 19.99 545.87 0.1256 8.09 5 359 10.00 83.00 19.99 545.87 0.1256 2.48
6 359 19.00 99.00 20.00 821.75 0.1057 8.60 6 359 19.00 99.00 20.00 821.75 0.1057 2.63
7 359 19.00 67.00 19.99 676.02 0.0847 8.38 7 359 19.00 67.00 19.99 676.02 0.0847 2.56

Total Total
E[I] = E[ln I] = E[I] = E[ln I] =

Var[I]= Var[I]=
σ[I]= σ [ln I] = σ[I]= σ [ln I] =

V(I) = β = V(I) = β = 
F(z)  = F(z)  =

Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000 Ic= 0.80 ln(I crit) = -0.223144 Pr(f) % = 0.000000

Pr(f)

Run $

% Varianced x1z $ I Variance 
Component

Variance 
Component

x3 $ hx% Variance

47 
Permaebility Ratio 

Blanket Thickness (z)
98 

Study Area:

Standard 
Deviation

ARS Reach F Unit 1

Crest Elev.:
50.21

A. Deus

With Project Cutoff Wall

Parameter

Project: American River Common Features GRR

6/28/2012
H. Mulder

Levee Mile:

Kf/Kb

Blanket Theory Analysis Inputs

Analysis By:
L/S Toe Elev.:

I Kf/Kb z

Aquifer Thickness (d)

Random Variables 

Checked By:

Run Run Kf/Kb% Variancez d x1Kf/Kb x3

Date:
River Mile:

River Section: Analysis Case

Analysis 
Case

W/S Toe Elev.:

5.92

d

Sacramento River

Expected 
Value

I

γ BlanketL1

d

L3

Coefficient of 
Variation, %

19 

hx$

Crest-3ft

x1

I

Variance 
Component

Toe+3ft

x3 RunVariance 
Component

Crest

ElevationHead

z x1

BTA Case 
No.

% Variance

Pr(f)=0

Half Height

x3

hx

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

hx

L2

Underseepage Reliability Analysis With Blanket Theory Analysis
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ARS Reach F (SRS) U1 LM 5.92 With Project.xls 2/11/2013

35.05
15.45
21.05

Toe 0.00 15.45 0.0000
Toe+3ft 3.00 18.45 0.000000

0.8 0.1 Half Height 9.80 25.25 0.000000
0.35 0.04 Crest-3ft 16.60 32.05 0.000000

5.00E-07 1.50E-07 Crest 19.60 35.05 0.000000

Head = 19.60 0.000 Head = 16.60 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.80 0.35 5.00E-07 0.24 1 (Mean) 0.80 0.35 5.00E-07 0.24
2 0.72 0.35 5.00E-07 0.22 2 0.72 0.35 5.00E-07 0.22
3 0.88 0.35 5.00E-07 0.27 3 0.88 0.35 5.00E-07 0.27
4 0.80 0.32 5.00E-07 0.23 4 0.80 0.32 5.00E-07 0.23
5 0.80 0.39 5.00E-07 0.25 5 0.80 0.39 5.00E-07 0.25
6 0.80 0.35 3.50E-07 0.29 6 0.80 0.35 3.50E-07 0.29
7 0.80 0.35 6.50E-07 0.21 7 0.80 0.35 6.50E-07 0.21
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 9.80 0.000 Head = 3.00 0.000

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

Run

Tractive 
Stress (Τc)

Initial 
Porosity (n)

Intrinsic 
Permeability 

(Ko)

Critical 
Gradient 

(Ic)
FS % Variance

1 (Mean) 0.80 0.35 5.00E-07 0.24 1 (Mean) 0.80 0.35 5.00E-07 0.24
2 0.72 0.35 5.00E-07 0.22 2 0.72 0.35 5.00E-07 0.22
3 0.88 0.35 5.00E-07 0.27 3 0.88 0.35 5.00E-07 0.27
4 0.80 0.32 5.00E-07 0.23 4 0.80 0.32 5.00E-07 0.23
5 0.80 0.39 5.00E-07 0.25 5 0.80 0.39 5.00E-07 0.25
6 0.80 0.35 3.50E-07 0.29 6 0.80 0.35 3.50E-07 0.29
7 0.80 0.35 6.50E-07 0.21 7 0.80 0.35 6.50E-07 0.21
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  

Pr(f)

Half Height Toe+3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Crest Crest-3ft

Variance Component Variance Component

Horizontal Gradient (Ix) = Horizontal Gradient (Ix) =

Initial Porosity (n) 10.00 
Intrinsic Permeability (Ko) 30.00 

YES
Pr(f)=0

Parameter Expected 
Value

Standard 
Deviation

Coefficient of Variation, 
%

Tractive Stress (Τc) 10.00 

6/28/2012
Study Area: Sacramento River

Random Variables - Silty Sand (SM) and Sand (SP) Levee Analysis 
Case

Head Elevation

River Section: ARS Reach F Unit 1 Analysis Case With Project Cutoff Wall W/S Toe Elev.: Date:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method
Through-Seepage Reliability Analysis With Khilar's Extended Model

Project: American River Common Features GRR Levee Mile: 5.92 Crest Elev.: Analysis By: A. Deus
River Mile: 50.21 L/S Toe Elev.: Checked By: H. Mulder
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35.05
15.45
21.05

Toe 0.00 15.45 0.0000
Toe+3ft 3.00 18.45 0.000000

34 4 Half Height 9.80 25.25 0.000000
0 0 Crest-3ft 16.60 32.05 0.000000

125 9 Crest 19.60 35.05 0.000001
28 4
0 0

Head = 19.60 Pr(f)=0 NO Head = 16.60 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 34 0 125 28 0 1.37 1 (Mean) 34 0 125 28 0
2 30 0 125 28 0 1.28 2 30 0 125 28 0
3 38 0 125 28 0 1.43 3 38 0 125 28 0
4 34 0 125 28 0 1.37 4 34 0 125 28 0
5 34 0 125 28 0 1.37 5 34 0 125 28 0
6 34 0 116 28 0 1.39 6 34 0 116 28 0
7 34 0 134 28 0 1.35 7 34 0 134 28 0
8 34 0 125 24 0 1.43 8 34 0 125 24 0
9 34 0 125 32 0 1.52 9 34 0 125 32 0

10 34 0 125 28 0 1.37 10 34 0 125 28 0
11 34 0 125 28 0 1.37 11 34 0 125 28 0
E[FS] = 1.370000 E[ln FS] = 0.312723 Total 100.00 E[FS] = E[ln FS] = Total

Var[FS]= 0.007854 Var[FS]=
σ[FS]= 0.088624 σ[ln FS]= 0.064622 β = 4.839286 σ[FS]= σ[ln FS]= β = 

V(FS) = 0.064689 F(z)  = 0.000001 V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000065 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

  
Head = 9.80 Pr(f)=0 YES Head = 3.00 Pr(f)=0 YES

Run Levee Ф Levee 
Cohesion Levee γ Foundation 

Ф
Foundation 
Cohesion FS % Variance Run Levee Ф Levee 

Cohesion Levee γ Foundation 
Ф

Foundation 
Cohesion FS % Variance

1 (Mean) 34 0 125 28 0 1 (Mean) 34 0 125 28 0
2 30 0 125 28 0 2 30 0 125 28 0
3 38 0 125 28 0 3 38 0 125 28 0
4 34 0 125 28 0 4 34 0 125 28 0
5 34 0 125 28 0 5 34 0 125 28 0
6 34 0 116 28 0 6 34 0 116 28 0
7 34 0 134 28 0 7 34 0 134 28 0
8 34 0 125 24 0 8 34 0 125 24 0
9 34 0 125 32 0 9 34 0 125 32 0

10 34 0 125 28 0 10 34 0 125 28 0
11 34 0 125 28 0 11 34 0 125 28 0
E[FS] = E[ln FS] = Total E[FS] = E[ln FS] = Total

Var[FS]= Var[FS]=
σ[FS]= σ[ln FS]= β = σ[FS]= σ[ln FS]= β = 

V(FS) = F(z)  = V(FS) = F(z)  =
FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000 FS req'd = 1.00 ln(FS req'd) = 0.000000 Pr(f) % = 0.000000

Variance Component

Analysis Case With Project Cutoff Wall W/S Toe Elev.:

0.007854

Half Height Toe+3ft

Levee γ

Coefficient of Variation, 
%

Parameter

0.000000

40.00 

Crest

7.00 
Foundation Ф

5.92 Crest Elev.: Analysis By:American River Common Features GRR

Analysis 
Case

H. Mulder
River Section: Date:

Sacramento River

Variance Component

4.840.000380

23.54

Crest-3ft

40.00 
13.00 

0.005625

Variance Component Variance Component

0.000000

50.21
6/28/2012

71.62

L/S Toe Elev.: Checked By:

Head Pr(f)

Landside Long-Term Stability Analysis With UTEXAS4

Expected 
Value

Levee Ф
Levee Cohesion

Study Area:
Project: Levee Mile: A. Deus

River Mile:

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

0.00

0.00

Random Variables

13.00 
Foundation Cohesion

0.001849

Standard 
Deviation

ARS Reach F Unit 1

Elevation
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Levee Mile: 5.92 35.05 A. Deus
River Mile: 50.21 15.45 H. Mulder

W/S Toe Elev.: 21.05 6/28/2012

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
15.45 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
18.45 0.0025 0.9975 0.0030 0.9970 0.0028 0.9972 0.0000 1.0000 0.0025 0.9975 0.0107 0.9893
25.25 0.0050 0.9950 0.0080 0.9920 0.0112 0.9889 0.0000 1.0000 0.0075 0.9925 0.0313 0.9687
32.05 0.0075 0.9925 0.0200 0.9800 0.0223 0.9777 0.0000 1.0000 0.0150 0.9850 0.0633 0.9367
35.05 0.0100 0.9900 0.0300 0.9700 0.0350 0.9650 0.0000 1.0000 0.0200 0.9800 0.0918 0.9082

Judgment Probability of Poor Performance Curve
Judgment Probability of Poor Performance Curve - ARS Reach F Unit 1 LM 5.92 With Project Cutoff Wall

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.: Checked By:
Project: American River Common Features GRR

Erosion

Analysis By:
Study Area: Sacramento River

River Section: Analysis Case: With Project Cutoff Wall

Judgment

Date:

Crest Elev.:

Water Surface 
Elevation

Vegetation Animal Burrows Encroachments 

ARS Reach F Unit 1

Utilities
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Project: Levee Mile: 5.92 35.05 Analysis By: A. Deus
Study Area: River Mile: 50.21 15.45 Checked By: H. Mulder

River Section: W/S Toe Elev.: 21.05 Date: 6/28/2012

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
15.45 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
18.45 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0107 0.9893 0.0107 0.9893
25.25 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0313 0.9687 0.0313 0.9687
32.05 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0633 0.9367 0.0633 0.9367
35.05 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0918 0.9082 0.0918 0.9082

Sacramento River

Combined Probability of Poor Performance Curve - ARS Reach F Unit 1 LM 5.92 With Project Cutoff Wall

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve

Water Surface 
Elevation

Underseepage Stability Judgment Combined

With Project Cutoff Wall
 

ARS Reach F Unit 1 Analysis Case:

Through-Seepage
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Project: Levee Mile: 1.30 45.00 Analysis By: M. Perlea
Study Area: River Mile: 3.10 29.00 Checked By: M. Kynett

River Section: W/S Toe Elev.: Date:

Pr(f) R Pr(f) R Pr(f) R Pr(f) R Pr(f) R
32.00 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
36.00 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0140 0.9860 0.0140 0.9860
40.00 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0398 0.9602 0.0398 0.9602
43.00 0.0230 0.9770 0.0000 1.0000 0.0000 1.0000 0.0635 0.9365 0.0850 0.9150
45.00 0.0420 0.9580 0.0000 1.0000 0.0000 1.0000 0.0931 0.9069 0.1312 0.8688

Water Surface 
Elevation

Underseepage Stability Judgment Combined

With Project Cutoff Wall
 

NAT Reach D Unit 4 Analysis Case:

Through-Seepage

Sacramento River

Combined Probability of Poor Performance Curve - NAT Reach D Unit 4 LM 1.3 With Project Cutoff Wall

With Project Geotechnical Risk and Uncertainty Analysis - Taylor Series Method

L/S Toe Elev.:
American River Common Features GRR Crest Elev.:

Combined Probability of Poor Performance Curve
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